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ABSTRACT 
Jordan Alexander Albritton: Quality Improvement in Lower-Income Countries:  
An Evaluation of the Effectiveness of Hospital-Based Teams in Ghana 
(Under the direction of Bruce J. Fried) 
Quality improvement (QI) is a systematic, data-driven approach to improve the delivery of 
healthcare services. QI interventions are now being implemented more frequently in lower-income 
countries. Although research has demonstrated the effectiveness of QI strategies in improving care 
quality and patient safety, studies also reveal variation in the success of QI interventions. 
The goal of this dissertation was to add to our understanding of factors related to the 
effectiveness of QI teams in lower-income countries and to support efforts to spread the use of QI 
methods to these settings. The sample consisted of 559 individuals from 127 teams established as 
part of Project Fives Alive!, a nationwide program in Ghana to reduce mortality in children under 5 
years of age by promoting low-cost, high-impact, evidence-based practices. 
This dissertation used structural equation modeling to accomplish three aims regarding the 
evaluation of hospital-based QI teams in Ghana. The results from the first analysis demonstrated that 
survey tools developed in high-income countries can be adapted to evaluate QI teams from lower-
income countries. The results from the second analysis showed that slack resources are positively 
associated with perceived support for teamwork and with coaching-oriented team leadership. The 
results from the second analysis also motivated two additional multidimensional characteristics of the 
slack resources construct. Finally, the third analysis provided additional evidence in support of the 
model of work-team learning, demonstrating that 1) team psychological safety mediates a positive 
relationship between coaching-oriented team leadership and team learning behavior and that 2) team 
learning behavior mediates a positive relationship between team psychological safety and the 
implementation of QI methods. 
The results of this dissertation have theoretical and practical implications. This dissertation 
addresses the call to use theory to explore team-level determinants of QI implementation and extends 
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the model of work-team learning to lower-income countries. The findings address real-world problems 
and identify potential leverage points that could be targeted to support efforts to implement similar QI 
interventions in other countries. 
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CHAPTER 1: INTRODUCTION 
Quality improvement (QI) is a systematic, data-driven approach to improve the delivery of 
healthcare services (Batalden & Davidoff, 2007). QI typically involves teams working together to 
identify and test improvements in care processes. First developed and popularized in high-income 
countries, QI interventions are now being implemented more frequently in lower-income countries 
(Leatherman, Ferris, Berwick, Omaswa, & Crisp, 2010). This dissertation focuses on the 
implementation of Project Fives Alive! (PFA), one example of an effort to promote the use of QI 
methods in a lower-income country. 
PFA was a nationwide program implemented in Ghana to reduce mortality in children under 
5 years of age by improving "the processes of care during pregnancy through the most vulnerable 
period of labor, delivery, and postnatal care." PFA's primary strategy was the development of local QI 
teams. Teams were trained in QI methods and instructed to identify areas for improvement and to 
choose from a list of recommended strategies to reach quality goals (Twum-Danso et al., 2012). 
Recommended strategies were low-cost, high-impact, evidence-based practices. The data used in 
this dissertation are from Wave 4 of PFA, which focused on hospital-based teams in the seven 
southernmost regions of Ghana. Teams participated in four rounds of regional collaborative learning 
sessions where they shared their experiences with QI, discussed successes and failures, and 
received additional training in QI methods. Project officers provided support and helped the teams 
apply concepts from the collaborative learning sessions. Almost none of the QI teams existed prior to 
PFA. The 5-year project was funded by the Bill and Melinda Gates Foundation and was supported by 
the Institute for Healthcare Improvement and the National Catholic Health Service of Ghana. 
Research has demonstrated the effectiveness of QI strategies in improving care quality and 
patient safety (Shojania, McDonald, Wachter, & Owens, 2004). However, studies also reveal variation 
in the success of QI interventions, with some failing to produce the desired effects (Taylor et al., 
2014). Even if QI is an effective strategy, it may not always be well implemented (Klein & Sorra, 1996; 
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Lukas, Mohr, & Meterko, 2009). Variation in the implementation of QI methods may explain the mixed 
results produced by QI interventions (Chassin & Loeb, 2011; Hulscher, Schouten, Grol, & Buchan, 
2013; Taylor et al., 2014). 
As the key implementing unit of QI initiatives, teams are critical for the success or failure of QI 
efforts (J. Hackman & Wageman, 1995). Although teams have the potential to deliver performance 
greater than the sum of the individual parts alone, teamwork also creates risk (Katzenbach & Smith, 
1993). As a result, large-scale interventions involving many teams show that some QI teams are 
more effective than others and teams rarely achieve high levels of performance by accident (Kaplan 
et al., 2010). 
Team effectiveness refers to the degree to which a team meets expectations set by the 
organization (J. Hackman, 1987). In the case of QI teams, team effectiveness is synonymous with QI 
implementation effectiveness, or the consistency and quality of innovation use (Klein & Sorra, 1996). 
In other words, effective teams are those that consistently apply QI methods in an effort to deliver 
local improvements in care quality. Team effectiveness is a function of numerous internal and 
external factors, such as the resources at the team’s disposal, team members' talents, and the 
interactions between team members (Lemieux-Charles & McGuire, 2006; Marks, Mathieu, & Zaccaro, 
2001). Although researchers have yet to converge on a single unifying model of team effectiveness, 
the team literature reveals common themes. For example, predictors of team effectiveness are often 
grouped into several distinct domains. This dissertation focuses on factors from three key domains: 
1) context; 2) team beliefs, attitudes, and emergent states; and 3) team processes and behaviors. 
Numerous models and theories of team effectiveness include contextual factors as distal 
antecedents of team effectiveness (Brennan, Bosch, Buchan, & Green, 2013; S. G. Cohen & Bailey, 
1997; Edmondson, 1999; Mathieu, Maynard, Rapp, & Gilson, 2008). Contextual factors include 
characteristics of the environment, organization, team, and individuals that determine much of how 
teams operate. More specifically, examples includes features such as the external operating 
environment, the size and purpose of the organization, the availability of resources, the composition 
of the team, and the skills and abilities of individuals within the team.  
3 
One key contextual factor studied in this dissertation is slack resources. Slack resources, 
refers to resources beyond the minimum of what is needed to meet operational goals (Zinn & Flood, 
2009). Slack is essentially a function of supply and demand, where slack is created by increases in 
supply or decreases in demand (Scott & Davis, 2015). Although some view slack as evidence of 
inefficiency, slack resources have also been linked to the ability of organizations to innovate and 
adapt to environmental pressures (Bourgeois, 1981). Organizational slack has been shown to be 
associated with improved quality for some healthcare processes (Mohr & Young, 2012). Although no 
studies have evaluated the effect of slack resources on QI efforts, QI team members have other 
primary obligations to the organization and almost always face competing demands for their time and 
energy (Delise, Allen Gorman, Brooks, Rentsch, & Steele‐Johnson, 2010). As a result, QI teams are 
likely to function better with sufficient slack resources. The impact of organizational slack is likely 
magnified in lower-income countries where resources are already scarce and healthcare systems are 
not as well developed. 
Context also includes antecedent team conditions, team-level characteristics that are 
essential for effective teams (Burke et al., 2006; Edmondson, 1999; Shortell et al., 2004). This 
dissertation focuses on two antecedent team conditions, support for teamwork and team leadership. 
Support for teamwork refers to the degree to which an organization provides adequate resources, 
information, and rewards in support of teamwork (Edmondson, 1999). Leadership is a complex, 
multidimensional construct (Zaccaro, Rittman, & Marks, 2002). However, this dissertation uses a 
narrow definition, where team leadership refers to the degree to which the team has a coaching-
oriented leader who guides the work of the team (Edmondson, 1999). 
Although antecedent team conditions are considered contextual factors, they themselves are 
often shaped by other contextual factors (Brennan et al., 2013; Edmondson, 1999). This dissertation 
explores the effect of slack resources on support for teamwork and coaching-oriented team 
leadership. Slack should allow better access to information, more time to focus on QI work, and 
greater availability of other resources. Slack also allows QI team leaders to devote the needed time 
and attention to the team (Delise et al., 2010). The primary measure of slack in this dissertation is 
staff-to-bed ratio (Mallidou et al., 2011). 
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Although antecedent conditions are thought to determine much of how teams operate, 
antecedent conditions are considered distal predictors that almost always influence team 
effectiveness through other factors (Brennan et al., 2013; S. G. Cohen & Bailey, 1997; Edmondson, 
1999; Mathieu et al., 2008). Accordingly, a significant portion of the team literature focuses on a 
domain of mediators that are directly affected by antecedent conditions. This domain consists of 
beliefs, attitudes, and emergent team states such as psychological safety, team efficacy, 
commitment, and values (S. G. Cohen & Bailey, 1997; Edmondson, 1999; B. J. Weiner, 2009). These 
fluid characteristics of teams are often seen as key targets for interventions to improve team 
performance. Lastly, the aforementioned mediators act on team processes and behaviors, factors 
that are typically presented as the most proximal predictors of team effectiveness (Brennan et al., 
2013; S. G. Cohen & Bailey, 1997; Kozlowski & Ilgen, 2006; Mathieu et al., 2008). Examples of 
processes include conflict management, communication, decision-making, and learning behavior. 
Edmondson's model of work-team learning identifies psychological safety as a key factor 
affected by perceived support for teamwork and coaching-oriented team leadership (Edmondson, 
1999). Team psychological safety refers to a shared belief that the team is a safe place for 
interpersonal risk taking and reflects a team climate characterized by interpersonal trust and mutual 
respect (Edmondson, 1999). Psychological safety supports creative thinking and exploratory learning 
and has been linked to improvements in care processes (Choo, Linderman, & Schroeder, 2007; 
Tucker, Nembhard, & Edmondson, 2007). By alleviating fear of rejection, psychological safety creates 
an environment that promotes team learning behavior, where team members are more likely to 
recognize errors and address existing failures and shortcomings (Edmondson, 1999). Many studies 
have shown a positive relationship between learning behavior and team performance (Edmondson & 
Lei, 2014; Kozlowski & Ilgen, 2006). Moreover, because QI teams are engaged in work to identify, 
test, and implement improvements in local care processes, learning behavior is inherently critical for 
the success of QI teams (Edmondson & Lei, 2014). Teams with high psychological safety should 
engage more enthusiastically and consistently in QI activities. Although the model of work-team 
learning is well established, its applicability to lower-income countries is unknown. 
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The goal of this dissertation is to add to our understanding of factors related to the 
effectiveness of QI teams in lower-income countries and to support efforts to spread the use of QI 
methods to these settings. The overall objective is to test the ability of Edmondson's model of 
work-team learning to explain variation in the implementation of QI methods in Ghana (Edmondson, 
1999). The central hypothesis is that team- and organization-level factors will be associated with the 
implementation of QI methods in Ghana. This hypothesis is tested with three research aims: 
 Aim 1: Assess psychometric properties, factor structure, and multilevel characteristics 
of scales used to evaluate QI teams in Ghana. 
 Aim 2: Evaluate the effect of slack resources on perceived support for teamwork and 
coaching-oriented team leadership in QI teams in Ghana. 
 Aim 3: Evaluate the effect of team psychological safety and team learning behavior on 
the implementation of QI methods by QI teams in Ghana. 
Data for this dissertation were drawn from three sources: 1) the QI team questionnaire 
(Appendix 1); 2) a set of facility-level administrative data; and 3) project officer surveys (Appendix 2). 
The QI team questionnaire was completed by members of PFA-affiliated QI teams present at the 
fourth round of collaborative learning sessions. The questionnaire was completed approximately 16 to 
18 months after teams were developed and covered a wide range of topics including factors analyzed 
in this study (e.g., coaching-oriented team leadership and team psychological safety) as well as other 
factors (e.g., shared decision-making, perceived sustainability of QI, and organizational readiness for 
change). The questionnaire also included demographics and other background questions. The 
facility-level administrative data were collected by PFA staff and included hospital and QI team 
characteristics such as the location and type of hospital, hospital bed capacity, the number of hospital 
staff, and the role and experience of the QI team leader. Our primary measure of slack resources, 
staff-to-bed ratio, came from the facility-level administrative data and was calculated as the number of 
hospital staff divided by total bed capacity. Lastly, the project officer surveys contained questions 
regarding how well teams implemented QI efforts and the overall performance of the teams. Project 
officers are not part of any individual QI team, but work in a support role with multiple teams, typically 
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within a single region. As such, project officers are well positioned to provide an unbiased 
assessment of team effectiveness. 
The analytical approach for all three aims was structural equation modeling (SEM). 
Essentially, SEM consists of simultaneous multivariate regressions. SEM allows for the estimation of 
unobserved, latent variables using shared variance from observed variables, such as responses to 
individual items on a questionnaire. This accounts for and eliminates bias from measurement error 
(Bollen, 1989). Another advantage of SEM is that it allows researchers to simultaneously test multiple 
paths, a useful feature when working with complex frameworks that include mediation or moderation 
(Bollen, 1989). As a result, we were able to estimate and test direct, indirect, and total effects. 
Despite the fact that QI is a team-driven approach, the role of the team has largely been 
overlooked, especially in lower-income countries (Kringos et al., 2015; Leatherman et al., 2010). This 
dissertation addresses this knowledge gap by applying the model of work-team learning to new 
contexts: 1) lower-income countries and 2) QI teams. Furthermore, this research focuses on 
predictors of implementation effectiveness, an understudied component of QI. This research also 
responds to calls by others to apply theory and practice-based knowledge to explore potential 
determinants of the success or failure of QI interventions (Hulscher et al., 2013). This work is 
particularly significant because it focuses lower-income countries that are both under-represented in 
the QI literature and often have the most to gain from efforts to increase the utilization of evidence-
based practices. These findings will aid efforts to identify leverage points that can be targeted to 
support teams QI teams working in lower-income countries. Additionally, this dissertation is significant 
because it explores the relationships between factors from multiple domains, including contextual 
factors, antecedent conditions for teamwork, team beliefs, team behaviors, and team effectiveness. 
This dissertation is organized as follows: Chapter 2 describes the psychometric properties, 
factors structure, and group-level characteristics of scales used to evaluate QI teams in Ghana 
(Aim 1). This is an important step because, despite a rich literature on team-level factors associated 
with team effectiveness, few studies have explored these factors using survey scales in QI and even 
fewer in lower-income countries (Brennan et al., 2013). Although the ultimate goal is to identify factors 
associated with the implementation of QI methods, we must first demonstrate that survey instruments 
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used to evaluate relevant team factors are valid in different settings, where teams operate within a 
different culture, within a different organizational structure, and with different resources and 
constraints. Chapter 3 addresses the effect slack resources on perceived support for teamwork and 
coaching-oriented team leadership, two key antecedent conditions in the model of work-team learning 
(Aim 2). No known studies have evaluated the effect of slack resources on QI efforts. Chapter 4 tests 
the ability of the model of work-team learning to explain variation in the implementation of QI methods 
by QI teams in Ghana (Aim 3). Finally, Chapter 5 reviews the study findings, summarizes the 
implications for practice and research, discusses the limitations of this dissertation, and concludes 
with recommendations for future research. Tables and figures are provided at the end of each 
chapter. An appendix after Chapter 5 includes the two survey tools referenced in this dissertation. 
References are provided in a comprehensive bibliography at the conclusion of the dissertation. 
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CHAPTER 2: USING SURVEYS TO EVALUATE QUALITY IMPROVEMENT TEAMS IN GHANA: 
PSYCHOMETRIC AND CONFIRMATORY FACTOR ANALYSES AT THE INDIVIDUAL, 
WITHIN-GROUP, AND BETWEEN-GROUP LEVELS 
OVERVIEW 
Background: Researchers have developed many well-validated scales to evaluate group-
level factors associated with team effectiveness, but there is little evidence on how these scales 
perform with quality improvement (QI) teams in lower-income countries. To improve our ability to 
study QI teams in lower-income countries, we must demonstrate that these are valid in different 
settings. This study evaluates the use of 22 questions to measure five factors described in the model 
of work-team learning: perceived support for teamwork; coaching-oriented team leadership; team 
efficacy; team psychological safety; and team learning behavior. 
Methods: We surveyed 559 individuals from 128 hospital-based QI teams working as part of 
Project Fives Alive! to reduce maternal and child mortality in the seven southernmost regions of 
Ghana. After exclusions, the remaining sample size was 526. Analyses included the following: 
1) evaluation of data quality; 2) confirmatory factor analyses at the individual, within-group, and 
between-group levels; 3) calculation of ω reliabilities and average inter-item correlations; and 
4) calculation of Rwg(j) and ICC1. 
Results: Missingness was low (0.0–3.0%). One item had a floor effect above 15% and 14 
items had a ceiling effect above 15%. Team efficacy had the lowest ω reliability at the between-group 
level (0.575), but all other factors were above 0.7. In general, confirmatory factor analyses showed 
good model fit for individual factors at each level of data and acceptable fit for a fully correlated, five-
factor model. Conservative estimates of Rwg(j) exceeded 0.6 for all factors except team efficacy. 
Average ICC1 ranged from 0.114 to 0.323. 
Conclusions: The results show that scales validated in high-income settings can be used with 
QI teams in low- and middle-income countries; however, adaptations are likely necessary. The 
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following recommendations will help improve comparability of results across settings: 1) carefully 
consider item wording; 2) include more than the minimum number of items needed for model 
identification; 3) limit respondent burden; 4) when possible, include more than five response 
categories for Likert-type questions, and 5) avoid negatively-worded questions when possible. 
BACKGROUND 
Quality improvement (QI) refers to a systematic, data-guided approach designed to bring 
about immediate improvements in the delivery of healthcare services (Lynn et al., 2007). Research 
has demonstrated the effectiveness of QI strategies in improving care quality and patient safety 
(Shojania et al., 2004). However, studies also reveal variation in the success of QI interventions, with 
some failing to produce the desired effects (Taylor et al., 2014). The failure of QI efforts may reflect a 
problem with implementation rather than innovation (Klein & Sorra, 1996). That is, even if QI is an 
effective strategy, it may not always be well implemented. As the key implementing unit of QI 
initiatives, teams are critical for the success or failure of QI efforts (J. Hackman & Wageman, 1995). 
However, despite a growing body of evidence on the influence of contextual factors on the 
effectiveness of QI strategies, the role of the QI team is understudied (Kringos et al., 2015). 
Furthermore, few studies have focused on QI interventions in lower-income countries (Kringos et al., 
2015; Leatherman et al., 2010). 
Most of the team-level factors evaluated in organizational behavior are latent variables. 
Latent variables refer to constructs that are not directly observed, but instead are estimated using 
shared variance among a set of observed variables (Bollen, 2002). Often, these observed variables 
are individual questions from a survey instrument. Although there is limited empirical evidence on the 
relationship between team factors and the effectiveness of QI interventions, teams are well studied in 
organizational behavior literature. Brennan et al. (2013) identified more than 100 instruments that 
have been applied in empirical work evaluating team-level factors, including many factors 
hypothesized to contribute to the success of QI efforts. Unfortunately, many of these instruments 
have not been applied to healthcare and most were developed and tested in high-income countries; 
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there is little evidence on the use of survey instruments to evaluate QI teams in lower-income 
countries. 
To help fill this gap, this study provides a psychometric and confirmatory factor analysis of a 
survey instrument used to measure five latent variables hypothesized to be related to team 
effectiveness, including: 1) perceived support for teamwork; 2) coaching-oriented team leadership; 
3) team efficacy; 4) team psychological safety; and 5) team learning behavior. 
Perceived support for teamwork and coaching-oriented team leadership were selected in part 
because they were identified as key factors in a qualitative analysis of the functioning and 
effectiveness of QI teams working in Ghana. Team efficacy, psychological safety, and learning 
behavior are part of the model of work-team learning, which provides an explanation for how 
perceived support for teamwork and coaching-oriented team leadership influence team performance 
(Edmondson, 1999). This model resonated with other findings from the qualitative study of QI teams 
in Ghana. 
Literature Review 
In the model of work-team learning, perceived support for teamwork and coaching-oriented 
team leadership are antecedent conditions that influence team psychological safety and team efficacy 
(Edmondson, 1999). Edmondson (1999) refers to context support as the degree to which an 
organization provides adequate resources, information, and rewards in support of teamwork. Shortell 
et al. (2004) refer to a similar factor called perceived organizational support. The literature on the 
effect of leadership on team effectiveness is well established (Burke et al., 2006; J. Hackman, 1987). 
However, it is worth noting that leadership is a complex, multidimensional construct (Zaccaro et al., 
2002). This study focuses on a narrow definition of leadership. Here, we refer to team leadership as 
the degree to which the team has a coaching-oriented leader who guides the work of the team 
(Edmondson, 1999). 
Team efficacy and psychological safety are team beliefs that mediate between the 
antecedent conditions (perceived support for teamwork and coaching-oriented team leadership) and 
team learning behavior (Edmondson, 1999). Self-efficacy refers to an individual’s belief in his or her 
own ability to successfully accomplish a task (Bandura, 2001). In this analysis, team efficacy is a 
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group-level variable that refers to team members’ shared belief in the team’s ability to accomplish 
specific tasks (Lindsley, Brass, & Thomas, 1995). There is strong empirical evidence showing the 
positive effect of team efficacy on team performance (Gully, Incalcaterra, Joshi, & Beaubien, 2002; 
Kozlowski & Ilgen, 2006). Likewise, a strong body of work has shown that team psychological safety 
is associated with organizational learning and team performance (Edmondson & Lei, 2014). Defined 
as a shared belief that the team is a safe place for interpersonal risk taking, team psychological safety 
is often seen as a necessary ingredient for effective teamwork (Edmondson, 1999). When 
psychological safety is low, team members may feel that active participation in a team requires too 
great of a risk. 
Team learning behavior refers to a process of detecting and correcting error (Edmondson, 
1999). Many studies have shown a positive relationship between learning behavior and team 
performance (Edmondson & Lei, 2014; Kozlowski & Ilgen, 2006). Moreover, because QI teams are 
engaged in work to reduce errors and improve organizational performance, team learning behavior is 
inherently key to the success of QI teams. 
Summary 
This analysis is the first step in a larger evaluation of QI teams working to reduce maternal 
and child mortality in Ghana. There is a rich literature on team-level factors associated with team 
effectiveness (Brennan et al., 2013); however, few studies have explored these factors in QI teams, 
especially in lower-income countries. Ultimately, the goal of this research effort is to identify factors 
associated with QI team effectiveness. These factors represent leverage points that could be targeted 
for coaching or other interventions aimed at improving the performance of QI teams. To accomplish 
this goal, we must demonstrate that survey instruments used to evaluate key team effectiveness 
factors are valid in different settings, where teams operate within a different culture, within a different 
organizational structure, and with different resources and constraints. Thus, the objective of this study 
is to assess the psychometric properties, factor structure, and group-level characteristics of a survey 
instrument designed to measure five factors hypothesized to be related to team effectiveness. As part 
of a program evaluation, this study was determined to be exempt from review by the institutional 
review board at the University of North Carolina at Chapel Hill. 
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METHODS 
Setting 
A questionnaire was developed to evaluate QI teams working as part of Project Fives Alive! 
(PFA). PFA was a nationwide program in Ghana to reduce mortality in children under 5 years of age 
by developing local QI teams with the intention of scaling up evidence-based practices (Twum-Danso 
et al., 2012). The data used in this study are from Wave 4 of PFA, which focused on hospital-based 
teams in the seven southernmost regions of Ghana. Teams participated in four regional collaborative 
learning sessions where they shared their experiences with QI, discussed successes and failures, 
and received additional training in QI methods. Project officers provided support and helped the 
teams apply concepts from the collaborative learning sessions. Project officers generally worked with 
a specified set of teams. The 5-year project was funded by the Bill and Melinda Gates Foundation 
and was supported by the Institute for Healthcare Improvement and by the National Catholic Health 
Service of Ghana. 
The Questionnaire 
The study data were derived from responses to an 85-item questionnaire. The questionnaire 
included 27 questions related to the five factors analyzed in this study; we used 22 of these questions 
in this study (Table 2). The five corresponding scales used to measure the individual factors were 
adapted from the literature. Most of the items were drawn from Edmondson (1999), but questions 
were also based on work by Shortell et al. (2004), Kozlowski & Ilgen (2006), and Millward & Jeffries 
(2001). The questionnaire was administered in English, which is the official language of Ghana. 
A draft of the team questionnaire was initially reviewed by project officers and staff in Ghana. 
Reviewers agreed that they understood the questions and that the questions addressed important 
issues. An earlier version of the questionnaire was also distributed to QI team members at the second 
round of collaborative learning sessions, which were held approximately 2 to 4 months after the 
teams were developed. We used the results from these surveys to guide revisions to the 
questionnaire. Questions were removed or revised if they appeared confusing or had poor reliability. 
We also added questions to some scales. For example, we initially used four questions for team 
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psychological safety, but later added three questions to more closely match the instrument used by 
Edmondson. We also changed the response range from a 5-point Likert scale ranging from “disagree” 
to “agree” to a 7-point Likert scale with stronger anchors, from “completely disagree” to “completely 
agree.” Lastly, we made slight changes to the layout of the survey to emphasize question grouping 
and call out questions that were negatively worded. 
The second version of the team questionnaire (the version analyzed in this study, which is 
presented in Appendix 1) was distributed to team members at the fourth round of collaborative 
learning sessions, approximately 16 to 18 months after teams were formed. Teams had been working 
together and carrying out QI activities for a substantial period of time, thus, respondents were likely 
better-prepared to answer questions about the team. Surveys were intended to be completed during 
the lunch break on the second day of the 2-day learning sessions. In reality, some surveys were 
completed on the first day. Some respondents were also allowed to take the surveys back to their 
hotel rooms to complete overnight after the first day. The surveys were part of an ongoing program 
evaluation, so all team members present were encouraged to respond. 
Sample 
In all, 128 hospital-based QI teams from 7 of 10 regions in Ghana were included in this 
analysis. An additional 13 teams participated in Wave 4 of PFA, but were not included in the analysis 
because they completed the old survey form (n = 9) or were absent from the fourth learning session 
(n = 4). A total of 559 surveys were submitted for an average of 4.4 responses per QI team. 
Respondents include physicians, pharmacists, nurses, midwives, administrators, health informatics 
officers, and others. The surveys were completed during 13 separate collaborative learning sessions 
from May 2015 to September 2015. Although the response rate is unknown, project officers 
encouraged all team members present at each learning session to complete the survey. Paper survey 
forms were double-coded by two staff members in Ghana. Responses with discrepancies between 
the two staff members were recoded. 
Of 559 surveys completed, 7 surveys were excluded because they were missing responses 
for all questions within a single factor. Surveys were also excluded if they exhibited a strong tendency 
toward response sets such that they answered negatively-worded questions the same way as 
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positively-worded questions (n = 26) (i.e., consistently answering “agree” or “completely agree” for 
both positively and negatively-worded questions). The final sample included 526 surveys from 127 
teams for an average of 4.1 respondents per team. 
Respondents from the analytical sample had an average age of 33.9 years, had worked at 
their hospital for an average of 4.6 years, and 42.6% were male (Table 1). The average QI team had 
9.1 team members. Physicians led 27.0% of teams, 44.9% of teams were led by other clinical staff, 
and the remaining teams were led by administrative staff or managers. QI teams came from hospitals 
with an average of 253 staff members and 101 beds. Approximately 66.7% of hospitals were 
government-run and 23.0% were in rural areas. 
Analyses 
The analyses consisted of four parts: First, we assessed data quality. Second, we conducted 
confirmatory factor analyses (CFAs) of individual factors as well as a correlated, five-factor model. 
We compared CFA results at three levels: individual; within-group; and between-group. Third, we 
calculated reliabilities (McDonald’s omega [ω]) and average inter-item correlations for each level. 
Finally, because the instruments were designed to measure team-level phenomena, we examined 
group-level characteristics using Rwg(j) and one-way analysis of variance (ICC1). Analyses were 
conducted in Mplus (v 7.4) and Stata 14. 
Data Quality: All questions used a 7-point Likert scale where 1 = completely disagree and 
7 = completely agree. Five negatively-worded questions were reverse coded in all analyses 
(1 = completely agree and 7 = completely disagree). Data quality was evaluated in terms of the mean 
and standard deviation, missingness, floor, ceiling effects, and skewness. Floor and ceiling effects 
refer to the percent of respondents selecting the lowest and highest response categories, 
respectively. The preferred range for floor and ceiling effects is 1% to 15% (McHorney & Tarlov, 
1995). Values above 15% signify that responses were grouped at one end of the response scale. 
This indicates that some respondents would likely answer outside of the allowed range and that the 
data are essentially censored. 
Confirmatory Factor Analyses: Because the surveys were adapted from existing 
instruments and are based on theory, we conducted CFAs to assess the factor structure of the items. 
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Although maximum likelihood estimation may not be appropriate for analyzing non-continuous 
variables with few response categories or severely asymmetrical distributions, studies have shown 
that Likert-type questions can approximate continuous data when they have 6 or more response 
options and the distributions are not highly skewed (Kline, 2015; Rhemtulla, Brosseau-Liard, & 
Savalei, 2012). Thus, we conducted CFAs using maximum likelihood estimation with missing values 
imputed and robust standard errors. Individual-level analyses were conducted with clustered errors at 
the team level. Items were evaluated with their individual factors in separate analyses. The factors 
were then included in a correlated five-factor model (Figure 1). 
We evaluated goodness-of-fit using a scaled chi-squared (χ2) value, comparative fit index 
(CFI), and root mean squared error of approximation (RMSEA). Revisions to models were based on 
theory and substantive knowledge and were evaluated using these measures as well as the Schwarz 
Bayesian information criteria (BICS). An insignificant χ2 value was defined as ideal, however, this 
measure is more likely to be significant with a larger sample size, so other fit measures are better 
suited for this type of study (Bollen, 1989). CFI ranges from 0 to 1, where a value greater than 0.9 
shows acceptable fit and a value greater than 0.95 shows good fit (Hu & Bentler, 1999). RMSEA 
ranges from 0 to 1 and a lower value is ideal. RMSEA under 0.05 demonstrates good fit and RMSEA 
under 0.08 demonstrates acceptable model fit (Bollen & Paxton, 2000). When evaluating revisions to 
models, a more negative BICS value indicates better fit (Raftery, 1995; Schwarz, 1978). 
A multilevel factor analysis is the preferred approach for multilevel data, but the convergence 
rate for multilevel models is low when the cluster size is small (under 10), when ICC1 is low, or when 
ICC1 varies across items (Pornprasertmanit, Lee, & Preacher, 2014). We were unable to achieve 
convergence with a multilevel model. Thus, we compared CFA results at three levels. The individual 
level uses the total covariance matrix (unadjusted observed data). The within-group level uses 
individual-level data, but the average group score is subtracted. Finally, the between-group level 
refers to the average group score where the sample size is the number of groups. Comparing results 
of the CFAs from the three different levels is an important step when dealing with nested data. The 
results will vary depending on whether factors reflect individual- or group-level phenomena. If the data 
reflect individual-level characteristics, CFAs from the within-group level should demonstrate improved 
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fit over the individual-level data (Dyer, Hanges, & Hall, 2005). In contrast, if group-level characteristics 
contribute to the majority of the construct-related variance, the within-group level should show worse 
fit and the between-group level should show improved fit (compared to the individual level) (Dyer et 
al., 2005). Comparing fit at each level may also provide an indication of the amount of bias introduced 
by aggregating multilevel data, with the bias being smaller if the within-group and between-group 
levels are more similar (Pornprasertmanit et al., 2014). 
Reliability and Average Inter-Item Correlation: Reliability refers to the degree to which 
individual items appear to measure the same factor. Reliability was measured using McDonald’s ω 
which relaxes the assumption of tau-equivalence among items for a single factor (McDonald, 2013). 
Tau-equivalence requires items to have equivalent factor loadings and contribute equally to the true-
score variance of a factor (McDonald, 2013). Although 0.70 is frequently cited as the cutoff for 
measures of reliability, a higher value is ideal (DeVellis, 2012; Lance, Butts, & Michels, 2006). 
Reliability was also measured using average inter-item correlation, which is independent of sample 
size and number of items. Although there is no clear cutoff for average inter-item correlation, some 
researchers have suggested preferred values greater than 0.40 (Ware & Gandek, 1998). We report ω 
reliability and average inter-item correlation at each level of analysis. 
Group-Level Characteristics: Rwg(j) and ICC1 are among the more commonly reported 
statistics used to justify aggregating data to the group level. Whereas Rwg is a measure of within-
group agreement for a single item, Rwg(j) provides a correction for the number of items in the scale (J). 
Essentially, Rwg(j) refers to the reduction of error variance that can be explained by group-level effects 
(LeBreton & Senter, 2008). We calculated the Rwg(j) for each of the five multi-item scales (Biemann, 
Cole, & Voelpel, 2012; James, Demaree, & Wolf, 1984). Like measures of scale reliability, Rwg(j) 
typically ranges from 0 to 1, so out-of-range Rwg(j) values were set to 0. Although 0.70 has been 
recommended as a cutoff value for Rwg(j) (Lance et al., 2006), Lebreton & Senter (2008) suggest 
interpreting Rwg(j) of 0.00 to 0.30 as lack of agreement at the group level, 0.31 to 0.40 as weak 
agreement, 0.51 to 0.7 as moderate agreement, 0.71 to 0.90 as strong agreement, and 0.91 to 1.00 
as strong agreement (LeBreton & Senter, 2008). 
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ICC1 is a measure of the proportion of variance in individual responses that can be explained 
by group-level effects to (Bliese & Halverson, 1998; James et al., 1984). No clear cutoff for ICC1 
exists, but Bliese (2000) notes that ICC1 greater than 0.30 is rare. Others suggest that ICC1 as low as 
0.05 may be sufficient justification to aggregate data to the group level (Biemann et al., 2012). 
RESULTS 
Data Quality 
After exclusions, there were 526 surveys remaining. For these surveys, there was very little 
missing data among the items (Table 2). Across the 22 items, the percent missing ranged from 0.0% 
to 3.0%. There was no response option for “don’t know” or “not applicable”, so respondents were 
instructed to answer each question to the best of their ability. Given the completeness of the data, 
missingness was not likely an issue (Allison, 2002). 
The majority of the items were significantly skewed, with responses grouped toward the 
higher end of the scale. Only three items, Support-2, Efficacy-2, and Efficacy-3, had a skewness 
greater than −0.5, demonstrating a fairly even distribution. Support-2 and Efficacy-2 were also the 
only items with a ceiling effect less than 10%. Only six other items had a ceiling effect less than 15% 
(Support-3, Support-5, Lead-3, Efficacy-1, Efficacy-3, and Learn-3). Overall, the ceiling effect ranged 
from 3.5% to 59.1%. Support-2 was also the only item with a significant floor effect (17.9% of 
respondents selected the lowest category). No other item had a floor effect less than 6.1%. 
Confirmatory Factor Analyses 
We conducted CFAs for each individual factor at the individual, within-group, and between-
group levels. Improvements to the fit of individual models were tested by allowing correlated errors 
based on substantive knowledge, such as similarities in wording or content of items. We tested five 
pairs of correlated errors, one for each of the factors: perceived support for teamwork (Support); 
coaching-oriented team leadership (Lead); team efficacy (Efficacy); team psychological safety 
(Safety); and team learning behavior (Learn). Support-4 and Support-5 both referred to general 
support by “leaders at my facility.” Lead-2 and Lead-4 referred to having a leader who is “available” 
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for consultation. Safety-1 and Safety-2 were positively-worded whereas the other three items in the 
scale were negatively-worded (e.g., “if you make a mistake on my team, it is often held against you”). 
Efficacy-3 and Efficacy-4 were negatively-worded whereas the other two items in the scale were 
positively-worded. Lastly, Learn-2 and Learn-3 both referred to taking time to reflect on how work is 
done. These modifications were tested at the individual and between-group levels. All of the 
modifications significantly improved model fit at one or both levels except the correlation between 
Efficacy-3 and Efficacy-4. All results presented include the four significant pairs of correlated errors as 
shown in Figure 1. 
Goodness-of-fit statistics are presented in Table 3. With two exceptions, individual factors 
demonstrated good fit across all three levels. At the within-group level, team efficacy resulted in a 
significant χ2, CFI of 0.871, and RMSEA of 0.096, indicating poor fit. However, fit for team efficacy 
was acceptable at the individual level and good at the between-group level. Also, whereas coaching-
oriented team leadership resulted in excellent fit at the individual and within-group levels (according to 
χ2, CFI, and RMSEA), RMSEA at the between-group level was 0.110. However, p-value for the 
between-group RMSEA was still insignificant and CFI was 0.990. For perceived support for 
teamwork, team psychological safety, and team learning behavior, the between-group–level model 
produced the best fit, followed by the individual-level model, and then the within-group–level model. 
However, differences between the three models were marginal, with RMSEA showing the greatest 
differences of the fit statistics. 
The χ2 for the correlated, five-factor model was significant at all three levels, but this was not 
surprising; high model complexity (degrees of freedom = 196) and sample size make the χ2 sensitive 
to even minor model misspecifications (Bentler & Bonett, 1980). For the five-factor model, the 
individual-level data produced the best fit (χ2 = 313.6, CFI = 0.951, and RMSEA = 0.034). The within-
group–level data (χ2 = 360.60, CFI = 0.910, and RMSEA = 0.040) and between-group–level data 
(χ2 = 293.79, CFI = 0.910, and RMSEA = 0.063) revealed poorer, but acceptable fit. As expected, all 
correlations at the between-group level were larger than respective correlations at the within-group 
level, except for perceived support for teamwork with team learning behavior, which was larger at the 
within-group level (Table 4). Correlations involving psychological safety revealed the greatest 
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differences in magnitude when comparing the individual level to the between-group level, with the 
latter being larger. The remaining correlations were similar in magnitude at the individual level and 
between-group level. 
Reliabilities and Average Inter-Item Correlations 
Across all levels, team efficacy and psychological safety had the smallest factor loadings 
(Table 5) and produced the lowest ω reliability and average inter-item correlations (Table 6). Team 
efficacy had an ω reliability of 0.512 and average inter-item correlation of 0.200. The ω reliability for 
team psychological safety was 0.676 and the average inter-item correlation was 0.387. In every case, 
the ω reliabilities and average inter-item correlations were marginally higher at the between-group 
level than the individual level. The ω reliabilities and average inter-item correlations are substantially 
lower at the within-group level. Except for team efficacy, all factors exceeded the minimum cutoff of 
0.7 for ω and 0.4 for average inter-item correlation at the between-group level. 
Group-Level Characteristics 
Table 7 presents Rwg(j) values and average ICC1 values (A. Cohen, Doveh, & Nahum-Shani, 
2009). Because skewed data can result in inflated Rwg(j) values when calculated, assuming a uniform 
distribution (σ2EU = 4.0 with seven response categories), we also calculated Rwg(j) based on an 
alternative distribution that adjusts for the skewness of the data (the skewness of each item is shown 
in Table 2) (LeBreton & Senter, 2008). Specifically, the alternative Rwg(j) value for perceived support 
(0.625) assumed a slightly skewed distribution with σ2EU = 2.9. The alternative Rwg(j) values for team 
leadership (0.608), team efficacy (0.416), and learning behavior (0.636) assumed moderately skewed 
distributions with σ2EU = 2.14. The alternative Rwg(j) value for psychological safety (0.733) assumed a 
heavily skewed distribution with σ2EU = 1.39. 
ICC1 was calculated as the average ICC1 for each item within a scale. Team efficacy had the 
lowest average ICC1 at 0.114. This means that, on average, group membership explained 11.4% of 
the variance in responses for each item in the team efficacy scale. Perceived support and team 
leadership had the highest average ICC1 at 0.323 and 0.239, respectively. 
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DISCUSSION 
This study explores the application of survey instruments used to measure factors from the 
model of work-team learning. Given the fact that the vast majority of team research takes place in 
lower-income countries, it was important to validate the use of the survey tool in this setting. To our 
knowledge, this is the first psychometric and factor analysis of the adaptation of survey instruments to 
measure team-level constructs among QI teams working in lower-income countries. Here, we discuss 
the multilevel features of the data and implications for future research. 
Specific Findings 
Although project staff confirmed that the questions made sense and addressed important 
topics, the low amount of missing data across the items also demonstrates the acceptability of the 
questions. Nearly all of the items used in this analysis were skewed, with responses grouped toward 
the high end of the response scale. Fourteen of 22 items exceeded the recommended cutoff of 15% 
for floor effects. Four of the negatively-worded questions had ceiling effects above 40%. Two outliers, 
Support-2 and Efficacy-2, had ceiling effects below 5%, which may warrant further exploration. 
Of the five factors analyzed in this paper, team efficacy, a four-item scale with two positively-
worded questions and two negatively-worded questions, had a the lowest ω reliability (0.512) and 
lowest average inter-item correlation (0.2) at the individual level. These values were slightly higher at 
the group level, but still well below the minimum recommended cutoffs of 0.7 and 0.4, respectively. 
Despite the low reliability and average inter-item correlation, team efficacy resulted in acceptable fit at 
the individual level and good fit at between-group level. Although the survey instrument for team 
efficacy could likely be improved, CFA accounts for measurement error, allowing factors with less 
than ideal reliabilities to be utilized in studies with unbiased results. The tradeoff would be inflated 
standard errors and a tendency toward null findings (Bollen, 1989). 
Psychological safety, a five-item scale with three negatively-worded questions had the 
second lowest ω reliability among the factors (0.676 at the individual level) and was the only other 
factor with an average inter-item correlation under 0.4 at the individual level. The lower reliability was 
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likely due to the use of negatively-worded questions. However, the ω reliability was greater than 0.7 
and the average inter-item correlation was above 0.4 at the between-group level. 
With the exception of the between-group level for team leadership, the team leadership, 
perceived support, and learning behavior scales demonstrated great model from CFAs at all three 
levels. These three factors also had higher ω reliabilities that are close to or exceed the 
recommended cutoff of 0.8 for widely used scales at the individual level and between-group level 
(Lance et al., 2006). These factors also substantially exceeded the suggested average inter-item 
correlation of 0.4 at the individual level and between-group level (Ware & Gandek, 1998). This is 
strong evidence of the effectiveness of the survey instruments as measurement tools. Additionally, 
the correlated, five-factor model demonstrated good model fit at the individual level and acceptable 
model fit at the within-group and between-group levels. These results support the proposed factor 
structure, suggesting that any model misspecifications are minor. Any improvements in model fit 
would likely have to be sought by improving the survey instrument itself, rather than by changing the 
factor structure. 
Although a multilevel approach is ideal, the fit statistics were only marginally improved at the 
between-group level compared within-group levels, suggesting that analyses using aggregated data 
would only include a small degree of bias (Pornprasertmanit et al., 2014). Furthermore, the 
overarching similarities in the correlations at the between-group level and individual level support our 
hypothesis that the factors measured are composition factors that operate isomorphically, with similar 
relationships at the individual and between-group levels (Dyer et al., 2005). This was our intention 
when we adapted and developed survey questions. Our questions reference the team and were 
intended to reflect characteristics of the teams more than of the individuals. Additionally, conservative 
estimates of Rwg(j) exceeded 0.600 for all factors other than team efficacy, demonstrating moderate 
agreement at the group level. All factors had non-trivial ICC1, ranging from a low of 0.114 for team 
efficacy to 0.323 for perceived support. Collectively, the group-level statistics also provide reasonable 
evidence to suggest that the factors tap group-level phenomena and support the decision to 
aggregate the data to the group level for hypothesis testing. 
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Implications and Future Recommendations 
Adapting Instruments to Different Settings: The results of this analysis demonstrate that 
survey tools developed to evaluate teams in high-income countries can be successfully be adapted 
and used to measure similar constructs in lower-income countries, like Ghana. However, the results 
indicate that revisions could improve some of the scales. For example, for some questions, reliability 
and normality of data could likely be improved by removing words referring to frequency from the 
questions (e.g., “sometimes” and “often”), using an alternative response scale, and avoiding phrases 
that likely elicit reactions (e.g., “reject others”). Additionally, in terms of response distribution, two 
questions were outliers. These questions refer to the availability of “financial resources” and the ability 
for teams to complete tasks without an “unreasonable amount of time or effort,” respectively. This 
analysis focuses on QI teams working in Ghana, a lower-income country, so the fact that teams 
report a lack of financial resources and difficulty completing tasks is not surprising. Although these 
results may be highly informative, this demonstrates the need to more closely consider context when 
developing or adapting survey questions. 
Future work should continue to explore concepts like psychological safety and learning 
behavior in lower-income countries; other team-level factors should also be explored. Given the large 
number of existing survey instruments measuring team-level factors (Brennan et al., 2013), an 
emphasis should be placed on refining existing survey tools rather than creating new survey 
instruments. The emergence of survey tools that are valid across cultures and settings will help 
advance our understanding of teams in non-traditional research settings. As QI efforts continue to 
spread in lower-income countries, this will be a key step in understanding features of QI teams that 
are associated with success. 
We also recommend that researchers include more than the minimum number of items 
(i.e., more than 3 to 4) per factor when using surveys to evaluate team-level factors in cross-cultural 
settings. Although four items may be appropriate when applying a well-validated survey to a setting 
similar to the setting in which the survey was validated, there are several reasons why more items are 
likely better in other settings. First, reliability typically increases with the number of items used to 
measure a factor. For this study, the reliability of team efficacy would likely have been much higher 
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had we used more than four items to measure the factor. Second, using more than the minimum 
number of items will help protect against unexpected issues related to translation or cultural 
adaptation. For example, if we had more than four items for team efficacy, we would have been able 
to consider excluding one or more of the items with low factor loadings from the analysis. Third, team 
research should include more items than individual research. Like measures of reliability, the 
inclusion of more items increases the ability to control for measurement error and increases the value 
of Rwg(j) (Biemann et al., 2012). And finally, the use of more than the minimum number of items will 
also aid efforts to identify key elements of a factor and improve comparability across studies. 
Number of Response Categories: As mentioned previously, the data described in this 
paper are from a survey distributed 16-18 months after teams were established. An earlier version 
was distributed approximately 2 to 4 months after teams were developed. Due to concerns about 
cultural differences and suitability for lower-income countries, the earlier version of the survey initially 
used a 5-point Likert scale with relatively weak anchors (“disagree” and “agree”). However, the results 
from the early version of the survey were highly skewed and had an average ceiling effect of more 
than 60% for all items. As a result, we changed the response scale to a 7-point Likert scale with 
stronger anchors (“completely disagree” to “completely agree”). 
The data quality and CFAs suggest that a 7-point Likert scale is indeed acceptable in 
different cultural settings, particularly when respondents have relatively high levels of education 
(nurses, physicians, midwives, etc). Moreover, compared to 5-point Likert scales, researchers have 
shown that 7-point Likert scales are closer to being approximately continuous (Rhemtulla et al., 2012) 
and result in higher reliabilities (Weng, 2004). Whenever possible, a 7-point Likert scale should be 
used instead of a scale with fewer response options. When questions are likely to produce skewed 
results, a wider response scale with stronger anchors will help improve the normality of the data and 
reduce ceiling and floor effects. Alternative scales based on frequency or degree could also improve 
results. 
Negatively-Worded Questions: In general, we recommend that future projects using similar 
survey instruments to evaluate healthcare teams in lower-income countries avoid negatively-worded 
questions if possible. In this study, the negatively-worded questions were included to help fully define 
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factors. However, the results in this study and elsewhere suggest that avoiding negatively-worded 
questions will improve survey validity (Barnette, 2000; Stewart & Frye, 2004). Furthermore, we expect 
that avoiding negatively-worded questions will increase the ability to compare results across studies, 
a key step to advancing the study of QI teams (Brennan et al., 2013). Although we felt that negatively-
worded questions captured concepts that could not be similarly conveyed with positively-worded 
questions, there are likely alternative phrasings that we did not consider. If alternative phrasing will 
not sufficiently capture all dimensions of a factor, researchers should be wary of the potential for 
negatively-worded questions to reduce the overall reliability and validity of a survey instrument. 
Another option is the use of frequency-based response scales. This could help limit reliability issues 
caused by negatively-worded questions. 
Although we were concerned with the potential for response sets (where respondents’ 
answers are based more on their feelings about a subject than on the content of an individual item), 
we did not incorporate the negatively-worded questions in survey design with the intention to break 
up response sets. However, we did use the negatively-worded questions to identify non-attendance. 
That is, we excluded respondents who did not distinguish between the negatively-worded questions 
and positively-worded questions. Although the non-attendance lowers reliability for factors that 
contain both positively- and negatively-worded questions, non-attendance promotes response sets 
and results in positive bias for factors with only positively-worded questions. 
Response sets and non-attendance are likely to remain issues with survey research. Future 
projects could attempt to reduce response sets and non-attendance in other ways. In particular, these 
issues provide a strong reason for researchers to limit respondent burden, even in program 
evaluation, where participation may not be quite as voluntary as in traditional research. Reducing the 
overall length of questionnaires will likely reduce respondent fatigue and reduce the tendency toward 
response sets and non-attendance. Of course, this conflicts with our previous recommendation that 
researchers aim to include more than the minimum recommended number of questions per factor. 
This means the researcher must carefully consider each item included in the questionnaire, perhaps 
reducing the number of factors studied. A questionnaire with 30 to 40 questions (or less) will likely 
produce more reliable, less biased results than a questionnaire with 85 questions, like the 
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questionnaire used in this study. This consideration may be critical when adapting a questionnaire to 
a new setting, like Ghana. However, reducing the number of factors and items in a questionnaire may 
hinder efforts to explore more comprehensive models. When reducing the length of the survey is 
absolutely not possible, an alternative may be to split the survey into two surveys and distribute them 
at separate times. 
Limitations 
Although this study does not include a full assessment of content validity or cognitive 
interviewing of items, the scales were adapted from existing studies used in high-income settings. 
Furthermore, the initial survey tool was developed based on feedback from potential respondents and 
project staff in Ghana. In addition to providing valuable feedback, all reviewers agreed that they 
understood the questions and that they were addressing important issues. For this reason, we feel 
that content validity is high. 
The factors analyzed in this study have been established as group-level phenomena, but a 
multilevel analysis would be ideal. However, multilevel models are notorious for having issues with 
model convergence when the cluster size is low, ICC1 is low, or when ICC1 varies across items 
(Pornprasertmanit et al., 2014). We presented and analyze differences between individual-level, 
within-group–level, and between-group–level analyses. Furthermore, the Rwg(j) and ICC1 values 
present provide strong justification for aggregating data. 
CONCLUSIONS 
The results from this analysis show that survey tools used to evaluate team-level factors can 
be applied to QI teams in non-traditional settings, such as lower-income countries. Future studies in 
lower-income countries should consider using existing survey instruments validated in high-income 
countries. Although some elements of the survey instrument used in this study could be improved, the 
majority of the items and factors demonstrate desired characteristics, including reliability, goodness-
of-fit, and interrater agreement. We also believe the results support the decision to aggregate the 
data to the group level. 
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As with all surveys, researchers should carefully consider item wording. This becomes even 
more important when adapting a tool to a different setting. Pre-testing surveys with potential 
respondents and experts from the target setting is paramount to ensuring the effectiveness of the 
questionnaire as a measurement tool despite differences in culture, organizational structure, and 
resource availability. We also recommend that researchers aim to limit respondent burden as a way 
to reduce response sets and non-attendance. We agree with others who have shown that negatively-
worded questions reduce reliability and validity. This challenge may be exacerbated in lower-income 
countries. Using only positively-worded questions may improve the comparability of results across 
setting and culture.  
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TABLES AND FIGURES 
Table 1. Sample Characteristics 
 Variable Observations Mean SD Minimum Maximum 
Individual 
characteristics 
(N = 526 individuals) 
Age (years) 473 33.90 8.67 24 61 
Facility tenure (years) 508 4.59 4.61 0 34 
Male (%) 521 42.6%    
Team/hospital 
characteristics 
(N = 127 teams) 
QI team size* 126 9.09 3.50 4 24.4 
QI leader is physician 
(%) 126 27.0%    
QI leader is other 
clinical staff (%) 127 44.9%    
Government hospital 
(%) 126 66.7%    
Rural hospital (%) 126 23.0%    
Number of staff at 
hospital 117 253 174 43 1,100 
Hospital bed capacity 123 101 66.32 10 336 
*QI team size refers to the average of the reported number of people on each team. 
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Table 2. Data Quality for Survey Items 
Item  n Mean (SD) 
Missing 
% 
Floor 
% 
Ceiling 
% 
Skew
-ness 
Perceived Support       
Support-1 
It is easy for my team to obtain expert 
assistance when something comes up that 
we don’t know how to handle.  
517 5.26 (1.50) 1.8 2.5 17.6 −1.14 
Support-2 My team has the financial resources it needs carry out QI activities. 521 
3.50 
(1.84) 1.0 17.9 3.5 0.11 
Support-3 
Leaders at my facility make sure people 
have the skills and knowledge needed to 
work in teams.  
519 5.02 (1.44) 1.4 2.7 10.6 −0.94 
Support-4 Leaders at my facility strongly support the work of my team. 522 
5.02 
(1.67) 0.8 5.2 16.7 −0.95 
Support-5 Leaders at my facility have made QI a high priority. 521 
4.81 
(1.69) 1.0 4.6 14.2 −0.72 
Team Leadership       
Lead-1 
There is a person on my team who 
initiates meetings to discuss the team’s 
progress. 
526 5.86 (1.20) 0.0 1.0 29.1 −1.85 
Lead-2 There is a person on my team who is available for consultation on problems. 523 
5.69 
(1.34) 0.6 1.5 26.2 −1.60 
Lead-3 
There is a person on my team who 
provides feedback on team member 
performance, identifying strengths and 
weaknesses. 
521 5.07 (1.57) 1.0 1.9 15.0 −0.86 
Lead-4 
My team has a leader who is an ongoing 
presence on the team–someone who is 
readily available. 
520 5.76 (1.48) 1.2 3.1 35.0 −1.68 
Team Efficacy       
Efficacy-1 Achieving our team's goals is well within our reach. 524 
5.48 
(1.14) 0.4 0.6 13.6 −1.25 
Efficacy-2 
My team can accomplish its task without 
requiring an unreasonable amount of time 
or effort.  
522 4.29 (1.66) 0.8 6.1 4.4 −0.46 
Efficacy-3 Some tasks are too difficult for my team.* 511 4.72 (1.71) 3.0 2.9 14.9 −0.41 
Efficacy-4 My team does not expect to have a big impact at our facility.* 519 
6.13 
(1.23) 1.4 1.2 48.0 −2.04 
Psychological Safety       
Safety-1 
All members of the team are encouraged 
to speak up and ask questions, regardless 
of their position in the organization. 
524 6.26 (0.93) 0.4 0.4 45.6 −2.08 
Safety-2 We appreciate and build upon our individual differences. 518 
6.10 
(0.76) 1.6 0.2 28.0 −1.39 
Safety-3 It is difficult to ask other members of my team for help.* 524 
6.24 
(1.01) 0.4 0.2 48.1 −1.93 
Safety-4 People on this team sometimes reject others for being different.* 525 
6.34 
(0.93) 0.2 0.2 52.4 −2.09 
Safety-5 If you make a mistake on my team, it is often held against you.* 523 
6.43 
(0.89) 0.6 0.2 59.1 −2.28 
Learning Behavior       
Learn-1 My team openly discusses mistakes so that we can learn from them. 520 
5.95 
(1.06) 1.2 0.8 29.0 −1.94 
Learn-2 We regularly take time to learn ways to improve how we do our work. 524 
5.53 
(1.22) 0.4 1.3 16.0 −1.48 
Learn-3 My team always takes time to stop and reflect on our work. 519 
5.34 
(1.22) 1.4 1.5 12.1 −1.27 
Learn-4 My team frequently seeks guidance from people outside of the team. 520 
5.28 
(1.45) 1.2 2.3 15.2 −1.17 
N = 526 individuals from 127 teams. 
Note: Each item used a 7-point Likert scale from 1 (completely disagree) to 7 (completely agree). 
* Questions were reverse scored (i.e., 7 = completely disagree, 1 = completely agree)  
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Figure 1. Correlated, Five-Factor Model 
 
*Questions were reverse scored (i.e., 7 = ”completely disagree”, 1 = ”completely agree”) 
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Table 3. Goodness-of-Fit Statistics for Confirmatory Factor Analyses 
Model Level DF 
χ2 RMSEA 
CFI BICS 
value p-value value Pr <0.05 
Perceived Support  
Individual 4 3.53 0.474 0.000 0.878 1.000 −21.53 
Within 4 4.63 0.327 0.017 0.799 0.998 −20.43 
Between  4 2.91 0.573 0.000 0.707 1.000 −16.47 
Team Leadership 
Individual 1 0.64 0.425 0.000 0.662 1.000 −5.63 
Within 1 0.00 0.999 0.000 1.000 1.000 −6.27 
Between  1 2.55 0.111 0.110 0.166 0.990 −2.30 
Team Efficacy 
Individual 2 4.934 0.085 0.053 0.373 0.968 −7.60 
Within 2 11.78 0.003 0.096 0.055 0.871 −0.75 
Between  2 1.26 0.000 0.000 0.627 1.000 −8.43 
Psychological Safety 
Individual 4 4.79 0.309 0.019 0.787 0.997 −20.27 
Within 4 10.46 0.033 0.055 0.351 0.970 −14.60 
Between  4 0.62 0.961 0.000 0.978 1.000 −18.76 
Learning Behavior 
Individual 2 1.75 0.416 0.000 0.751 1.000 −10.78 
Within 2 5.70 0.058 0.059 0.308 0.986 −6.83 
Between  2 1.41 0.495 0.000 0.595 1.000 −8.28 
Correlated 5-Factor Model 
Individual 196 313.62 0.000 0.034 1.000 0.951 −914.38 
Within 196 360.60 0.000 0.040 0.995 0.910 −867.40 
Between  196 293.79 0.000 0.063 0.084 0.910 −655.67 
N(individual) = 526; N(within) = 526; N(between) = 127 
Note: χ2 scaled to reflect non-normality (Satorra, 2000). 
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Table 4. Correlation Between Factors 
N(individual) = 526; N(within) = 526; N(between) = 127  
Correlation Individual Within Between 
Perceived Support with 
Team Leadership 0.374 0.301 0.373 
Team Efficacy 0.656 0.580 0.644 
Psychological Safety 0.340 0.267 0.397 
Learning Behavior 0.396 0.397 0.364 
Team Leadership with 
Team Efficacy 0.412 0.307 0.402 
Psychological Safety 0.412 0.346 0.553 
Learning Behavior 0.640 0.562 0.667 
Team Efficacy with 
Psychological Safety 0.495 0.402 0.547 
Learning Behavior 0.441 0.309 0.477 
Psychological Safety with Learning Behavior 0.564 0.411 0.763 
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Table 5. Standardized Factor Loadings From Correlated Five-Factor Model at Individual, 
Within-Group, and Between-Group Levels 
Factor Item Standardized Factor Loadings 
  Individual Within Between 
Perceived Support  
Support-1 0.52 0.45 0.54 
Support-2 0.64 0.51 0.75 
Support-3 0.75 0.66 0.88 
Support-4 0.79 0.72 0.84 
Support-5 0.72 0.62 0.78 
Team Leadership 
Lead-1 0.68 0.62 0.77 
Lead-2 0.79 0.73 0.89 
Lead-3 0.67 0.54 0.81 
Lead-4 0.64 0.53 0.74 
Team Efficacy 
Efficacy-1 0.68 0.70 0.76 
Efficacy-2 0.49 0.43 0.45 
Efficacy-3* 0.29 0.21 0.35 
Efficacy-4* 0.32 0.29 0.39 
Psychological Safety 
Safety-1 0.57 0.50 0.65 
Safety-2 0.53 0.43 0.61 
Safety-3* 0.63 0.58 0.69 
Safety-4* 0.73 0.70 0.75 
Safety-5* 0.60 0.55 0.61 
Learning Behavior 
Learn-1 0.65 0.63 0.59 
Learn-2 0.81 0.80 0.87 
Learn-3 0.80 0.76 0.85 
Learn-4 0.51 0.47 0.53 
N(individual) = 526; N(within) = 526; N(between) = 127 
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Table 6. Reliability and Average Inter-Item Correlation 
N(individual) = 526; N(within) = 526; N(between) = 127 
  
Model Level 
Reliability 
(ω) 
Average Inter-Item 
Correlation 
Perceived Support 
Individual 0.788 0.472 
Within 0.719 0.353 
Between 0.819 0.575 
Team Leadership 
Individual 0.771 0.475 
Within 0.699 0.363 
Between 0.780 0.613 
Team Efficacy 
Individual 0.512 0.200 
Within 0.460 0.172 
Between 0.575 0.222 
Psychological Safety 
Individual 0.676 0.387 
Within 0.623 0.327 
Between 0.716 0.447 
Learning Behavior 
Individual 0.789 0.467 
Within 0.762 0.428 
Between 0.805 0.489 
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Table 7. Interrater Agreement (Rwg(J)) and Intraclass Correlation (ICC1) for Each Factor 
Factor Rwg(J) ICC1 
 Uniform Alternate Distribution  
Perceived Support 0.780 0.625 
(slightly skewed) 
0.323 
Team Leadership 0.790 0.608 
(moderately skewed) 
0.239 
Team Efficacy 0.773 0.416 
(moderately skewed) 
0.114 
Psychological Safety 0.931 0.733 
(heavily skewed) 
0.142 
Learning Behavior 0.825 0.636 
(moderately skewed) 
0.138 
Note: σ2EU Uniform = 4.0; σ2EU slightly skewed = 2.9; σ2EU moderately skewed = 2.14; σ2EU heavily skewed = 1.39 
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CHAPTER 3: QUALITY IMPROVEMENT TEAMS IN LOWER-INCOME COUNTRIES: 
THE ROLE OF SLACK RESOURCES 
OVERVIEW 
Background: The concept of slack resources may help explain how context affects the work 
of quality improvement (QI) teams. In organizational theory, slack refers to the availability of 
resources beyond the minimum of what is needed to achieve an organization’s primary goals. QI 
team members often have competing demands for time and energy. When slack resources are 
limited, team members will likely prioritize their primary functions over QI. When slack resources are 
more abundant, teams will likely report better access to information, more time to focus on QI work, 
improved staffing, and access to other resources. Slack resources will also likely allow for greater 
attention and support from QI leaders. 
Methods: We used structural equation modeling to evaluate the effect of slack resources on 
perceived support for teamwork and coaching-oriented team leadership. We conducted the analysis 
at the team level, aggregating individual level survey data from 467 QI team members to the team 
level. The final analysis included 112 teams. We assessed model fit and tested significance of 
standardized parameters. 
Results: The structural model demonstrated good model fit (RMSEA = 0.029, p = 0.850; 
CFI = 0.983). Our primary measure of slack, staff-to-bed ratio, was positively associated with both 
perceived support for teamwork (β = 0.26, p = 0.04) and coaching-oriented team leadership (β = 0.19, 
p = 0.05). Working in a rural hospital (β = 0.86; p < 0.01) and QI team size (β = 0.29; p < 0.01) were 
both positively associated with team leadership, but were not associated with perceived support. 
Conclusions: The results support our overall hypothesis that the availability of slack 
resources has a positive effect on perceived support and team leadership. The results also suggest 
that slack has multiple dimensions that may affect perceived support for teamwork and coaching-
oriented team leadership differently. Because QI teams are comprised of team members with other 
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primary obligations, teams are likely to operate with limited slack resources, especially in lower-
income countries where resources are already scarce. Scarcity of slack resources may necessitate 
additional coaching or other creative strategies to support QI work. 
BACKGROUND 
Quality improvement (QI) refers to a systematic, data-driven approach to improve the delivery 
of healthcare services (Batalden & Davidoff, 2007). QI typically involves teams identifying and testing 
improvements in care processes. As such, the functioning of the team itself is critical to the 
effectiveness of QI interventions. Despite the increased adoption of QI methods, QI efforts often fail to 
deliver the desired improvements in healthcare quality and safety (Taylor et al., 2014). Unfortunately, 
the role of the team has been largely overlooked in existing QI research, especially in low-income 
countries (Kringos et al., 2015). 
We address this knowledge gap by evaluating team factors related to the implementation of 
QI by teams from Project Fives Alive! (PFA). PFA was a nationwide program in Ghana implemented 
to reduce mortality in children under 5 years of age by promoting the use of evidence-based practices 
(Twum-Danso et al., 2012). PFA’s primary strategy was the development and training of local 
hospital- and community-based teams in the use of QI methods. The 5-year project was funded by 
the Bill and Melinda Gates Foundation and was supported by the Institute for Healthcare 
Improvement and the National Catholic Health Service of Ghana. This study focuses on PFA-affiliated 
hospital-based QI teams from the seven southernmost regions of Ghana. Almost none of the QI 
teams existed prior to PFA. As part of PFA, the teams participated in four regional collaborative 
learning sessions where they shared their experiences with QI, discussed successes and failures, 
and received additional training in QI methods. Regional project officers provided assistance and 
helped the teams apply concepts from the collaborative learning sessions. 
QI Teams 
Although teams have the potential to deliver performance greater than the sum of the 
individual parts alone, this potential can only be realized through coordinated efforts (Katzenbach & 
Smith, 1993). Teams rarely achieve high levels of performance by accident. Rather, success is 
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determined by numerous internal and external factors. Among these factors are antecedent 
conditions that are necessary for team members to be able to work together and function effectively 
as a single unit (Brennan et al., 2013; Edmondson, 1999; Kozlowski & Ilgen, 2006; Marks et al., 2001; 
Mathieu et al., 2008). 
A recent qualitative study of PFA identified two well-known antecedent conditions as key 
determinants of how well teams function: 1) support for teamwork and 2) effective leadership. Support 
includes such elements as time, human resources, physical resources, money, information, and 
training. It is not surprising that QI teams that receive adequate support from management are more 
likely to accomplish their goals (Lemieux-Charles & McGuire, 2006; Lukas et al., 2009). Active and 
effective leadership is also associated with team effectiveness (Shortell et al., 2004; Zaccaro et al., 
2002). Leaders help define team goals and develop and structure the team to accomplish these goals 
(Zaccaro et al., 2002). Leaders perform other tasks as well, such as identifying and resolving 
conflicts, monitoring team progress, and working to acquire resources and team support. 
Teams operate within a specific context that influences much of what the team does. 
Numerous models and theories of team effectiveness include team- and organizational-context as 
distal antecedents that influence team effectiveness (Brennan et al., 2013; Lemieux-Charles & 
McGuire, 2006). In PFA, for example, project staff and facility managers play a large role in 
establishing QI teams. Additionally, the type and number of staff, hospital characteristics, demand for 
services, and other contextual factors shape the environment in which teams work. As a result, 
support and leadership are often determined by factors that are external to the team. However, to our 
knowledge, no study has looked at the relationship between contextual factors and antecedent team 
conditions in QI teams in lower-income countries. 
Slack Resources 
Slack resources refer to resources beyond the minimum of what is needed to meet 
operational goals (Zinn & Flood, 2009). Although some view slack as evidence of inefficiency, slack 
resources have also been linked to the ability of organizations to innovate and adapt to environmental 
pressures (Bourgeois, 1981). Organizational slack has been shown to be associated with improved 
quality for some healthcare processes (Mohr & Young, 2012). Although no studies have evaluated 
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the effect of slack resources on QI efforts, QI team members have other primary obligations to the 
organization and almost always face competing demands for their time and energy (Delise et al., 
2010). As a result, QI teams are likely to function better with sufficient slack resources. The impact of 
organizational slack is likely magnified in lower-income countries where resources are already scarce 
and healthcare systems are not as well developed. 
Summary 
This study has two objectives: first, to evaluate the effect of slack resources on perceived 
support for teamwork and coaching-oriented team leadership; and second, to further motivate slack 
as a multidimensional construct by exploring other team and organizational factors related slack.  
METHODS 
Theoretical Framework and Hypotheses 
The outcomes of interest in this study are perceived support for teamwork and team 
leadership, antecedent conditions thought to influence much of how teams operate (Brennan et al., 
2013; S. G. Cohen & Bailey, 1997; Edmondson, 1999; Mathieu et al., 2008). Perceived support for 
teamwork is a latent variable that refers to the degree to which team members feel that an 
organization provides adequate resources, information, and rewards in support of teamwork 
(Edmondson, 1999). Studies have linked organizational support to team effectiveness (Shortell et al., 
2004). Likewise, leadership has also long been acknowledged as a key feature for effective teamwork 
(Burke et al., 2006; J. Hackman, 1987). It is worth noting that, whereas this study focuses on a 
narrow definition of leadership, leadership is a complex, multidimensional construct (Zaccaro et al., 
2002). Here, we refer to team leadership as the degree to which the team has a coaching-oriented 
leader who guides the work of the team (Edmondson, 1999). The role of a coach is not to dictate how 
teams work, but rather to maximize the synergistic efforts of the team and minimize a team’s risk of 
failure (J. R. Hackman & Wageman, 2004). Coaches motivate team members, develop strategies, 
and help team members acquire new knowledge and skills (J. R. Hackman & Wageman, 2004). 
39 
Our central hypothesis is that the availability of slack resources will be positively associated 
with perceived support for teamwork and coaching-oriented team leadership. Mallidou et al. (2011) 
propose the use of staffing ratios as objective measures of slack resources. Similarly, cancer 
researchers have measured slack as number of full-time staff per patient in treatment (Fields, Roman, 
and Blum, 2011). Accordingly, we use staff-to-bed ratio as our primary measure of slack.  
When faced with competing demands for time and attention, QI team members may feel that 
the relative importance of QI is low. A higher staff-to-bed ratio creates time for team members to 
focus on QI efforts and increases team members' ability to obtain support from others within and 
outside of the team. As a result, when staff-to-bed ratio is higher, teams should report better access 
to information and support, more time to focus on QI work, and greater availability of other resources. 
Thus, we propose hypothesis 1: 
 Hypothesis 1: Staff-to-bed ratio will be positively associated with the level of perceived 
support for teamwork reported by the QI team. 
QI team leaders also likely have many other obligations, which limits their ability to devote the 
time necessary to coach and empower team members (Martin, Liao, & Campbell, 2013). When slack 
is low, QI team leaders may not have the flexibility or time needed to be effective leaders. Thus, we 
propose hypothesis 2: 
 Hypothesis 2: Staff-to-bed ratio will be positively associated with the degree of coaching-
oriented team leadership reported by the QI team. 
Slack as a Multidimensional Construct 
Research has demonstrated that slack can have a negative, positive, or U-shaped effect on 
performance (Chiu & Liaw, 2009). However, research on organizational innovation suggests that 
slack is a multidimensional construct, where different types of slack have different effects on 
performance (Geiger & Cashen, 2002). These differences can be reconciled from a contingency 
theory perspective, as the amount and type of slack necessary likely depends on the purpose and 
structure of the team or organization (Donaldson, 2001; R. E. Levitt et al., 1999). Furthermore, slack 
likely has a different effect on organizational performance compared to the performance of QI teams. 
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Where low slack may be a sign of efficiency in an organization, low slack may also prevent QI teams 
from functioning as intended.  
Where others have focused on whether slack resources are available, potential, or 
recoverable, we propose two additional multidimensional features of slack (Daniel, Lohrke, Fornaciari, 
& Turner, 2004). First, we recognize that slack is essentially a function of supply and demand, with 
slack resources becoming available as demand drops or supply increases (Scott & Davis, 2015). 
Second, we propose that the effect of slack will also be determined by the type of resource. For 
example, slack in staff time can be expected to have a different effect on performance than slack in 
financial resources. Here, we report the effect of several other team and organizational factors that 
contribute to the availability of slack. We further the discussion of slack as a multidimensional 
construct and recommend future work.  
Study Setting and Sample 
The unit of analysis in this study is the team. The sample consists of hospital-based QI teams 
that participated in the fourth round of collaborative learning sessions and had team members 
complete the QI team questionnaire (Appendix 1). A total of 559 team members from 128 teams 
completed the QI team questionnaire, for an average of 4.37 team members per team. Respondents 
included physicians, pharmacists, nurses, midwives, administrators, health informatics officers, and 
others. Project officers asked all participants at the fourth round of learning sessions to complete 
surveys, resulting in a response rate close to 100%. However, 9 teams were inadvertently given an 
outdated version of the questionnaire and 4 teams that were participating in PFA were absent from 
the fourth round of learning sessions; these 13 teams were therefore excluded from this study. As 
part of a program evaluation, this study was determined to be exempt from review by the institutional 
review board at the University of North Carolina at Chapel Hill. 
Data Sources 
The data for this cross-sectional study came from two sources. Outcome data for perceived 
support and team leadership came from QI team questionnaires completed by team members at the 
fourth collaborative learning sessions. The QI team questionnaire also measured other team-level 
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constructs, such as shared decision-making, psychological safety, perceived sustainability of QI 
efforts, and organizational readiness for change. The scales used in the QI team questionnaire were 
drawn from established scales that have demonstrated good psychometric qualities. The individual 
items were adapted to better fit the target culture and context and were revised based on feedback 
from project officers and other staff members in Ghana. The questionnaire used in this study was also 
revised based on results from an earlier implementation of the questionnaire. Questionnaires were 
completed in paper form during 13 separate meetings of the fourth round of collaborative learning 
sessions from May 2015 to September 2015. The survey forms were double-coded by two staff 
members in Ghana. Responses with discrepancies between the two staff members were recoded. 
The QI team questionnaire also contained demographic and background questions, including 
respondent age, gender, tenure, and QI team size. 
The remaining team and organization-level variables came from a dataset with administrative 
information about the hospitals in which the QI teams work. Ghana does not have consistently 
accurate information about hospital features, such as bed capacity and the number of staff, so these 
and other administrative data items were collected by project officers. In most cases, the project 
officers called hospital administrators to collect this information. Administrative data were missing 
completely for one team. 
Measures 
Dependent Variables: Table 8 provides details on the measures used in this study. The two 
dependent variables, perceived support and team leadership, were latent variables. Perceived 
support and team leadership were measured using five- and four- item scales from the QI Team 
Questionnaire, respectively (these questions are also shown in Table 8). Each question used a 
7-point Likert response scale from "completely disagree" to "completely agree." The psychometric 
properties and CFAs of our latent variables are described in Chapter 2. The perceived support and 
team leadership variables both demonstrated good model fit at both the individual and aggregate 
level. Multilevel CFAs for individual latent variables also revealed good model fit and had higher factor 
loadings at the between-group level than at the within-group level, indicating that there is a strong 
group effect. At the group level, the reliabilities (McDonald’s omega [ω]) for the perceived support and 
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team leadership variables are 0.817 and 0.874, respectively, well above the frequently cited cutoff 
of 0.7 (DeVellis, 2012). 
Independent Variables: The key independent variable in this analysis was staff-to-bed ratio, 
which was calculated by dividing the number of staff at each hospital by the number of beds. Other 
variables included hospital location (rural or other), hospital type (government-run or other), QI team 
size (number of team members), average age, percentage of respondents that are male, average 
tenure, QI leader designation (physician or other), hospital staff size, and hospital bed capacity. Three 
individual-level measures from the QI team questionnaires were aggregated to the group level, 
resulting in the average age of respondents (years), the percentage of respondents that are male, 
and the average time in years that respondents have worked at their facility. QI team size was 
similarly measured as the average number of individuals on the team as reported via the QI team 
questionnaires (the Spearman-Brown estimated reliability of the group-average score was 0.828 and 
the standard deviation of the within-group variation was 2.39). These variables are also described in 
Table 8.  
Statistical Analyses 
Structural equation modeling (SEM) with maximum likelihood was used to simultaneously test 
the effect of independent variables on the latent constructs, perceived support and team leadership. 
In addition to allowing for estimation of effects simultaneously, SEM also accounts for measurement 
error, an important consideration when dealing with unobserved latent variables. The analysis was 
conducted at the group level and all individual-level data were aggregated to the group level. A 
multilevel model was also developed but demonstrated issues with convergence likely due to an 
average team size under 10, unequal intraclass correlations (ICC1) for the latent variable indicators, 
and several ICC1 values under 0.25 (Pornprasertmanit et al., 2014). As a result, the multilevel model 
produced unreliable estimates. Due to computational issues like these, aggregation is still the typical 
approach when dealing with group-level data. 
To justify aggregating the data to the group level, we calculated Rwg(j) and ICC1 for the latent 
variables. Rwg(j) provides a measure of the reduction of error variance in a scale that can be explained 
by group-level effects (James et al., 1984). Rwg(j) can also be adjusted to account for both the number 
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of items in a scale as well as the skewness of the data. We calculated Rwg(j) based on a slightly 
skewed distribution for perceived support and moderately skewed distribution for team leadership 
resulting in conservative estimates of 0.625 and 0.608, respectively. Rwg(j) values from 0.51-0.70 are 
interpreted as evidence of moderate agreement at the group level (LeBreton & Senter, 2008). In 
contrast to Rwg(j), ICC1 is a measure of the proportion of variance in individual responses that can be 
explained by group-level effects (Bliese & Halverson, 1998; James et al., 1984). No clear cutoff for 
ICC1 exists, but ICC1 values greater than 0.30 are considered high; some have suggested that ICC1 
values as low as 0.05 may be sufficient to justify aggregating data to the group level (Biemann et al., 
2012; Bliese, 2000). The average ICC1 for the items from perceived support was 0.323 and ranged 
from 0.203 to 0.405. Team leadership had an average ICC1 of 0.239 and ranged from 0.162 to 0.349. 
Together, the Rwg(j) and ICC1 values provide strong evidence supporting our decision to aggregate the 
data. 
The final model for this analysis (Figure 2) was evaluated in Mplus (v 7.4) using a maximum 
likelihood estimator with clustered-robust standard errors to adjust for the seven regions of Ghana. 
Although maximum likelihood estimation works best with continuous data, studies have shown that 
Likert-type questions approximate continuous data when they have a response scale with six or more 
questions and the distributions are not highly skewed (Kline, 2015; Rhemtulla et al., 2012). The first 
step in analyzing structural equation models is evaluating the fit of the model. Model fit provides an 
indication of how closely the observed data matches the expected data given the specified model. 
Poorly fitting models may provide biased results. We evaluated model fit using the scaled chi-squared 
(χ2) value, comparative fit index (CFI), and root mean squared error of approximation (RMSEA). Good 
model fit is indicated by an insignificant χ2 value, CFI greater than 0.95, and RMSEA less than 0.05 
(Bollen, 1989; Bollen & Paxton, 2000; Hu & Bentler, 1999). 
After we achieved a well-fitting model, we tested the significance of all standardized 
estimates for the independent and control variables. Standardized parameter estimates are 
transformations of unstandardized regression coefficients that remove scaling and better allow for 
comparison of effects across parameters. The results for continuous variables are presented using 
YX standardization. Under YX standardization, the parameter is scaled using the standard deviations 
44 
of both the independent and dependent variables where βstdyx = β*σx/σy (Muthén & Muthén, 2012). 
The results for binary variables are presented using Y standardization where βstdy = β/σy (Muthén & 
Muthén, 2012). Parameters from YX standardization refer to a β standard deviation change in the 
dependent variable associated with a one standard deviation change in the independent variable. 
Parameters from Y standardization refer to a β standard deviation change in the dependent variable 
associated with a one unit change in the independent variable. 
Power 
SEM power calculations are somewhat different than power calculations for linear 
regressions. One key difference is that SEM power calculations should also consider model structure. 
The sample size needed reflects the ratio of the number of observed variables to latent variables as 
well as the desired detectable effect size. Our final analytical sample included 112 teams, which is 
lower than the ideal sample size. Based on our sample size (power = 0.80, and α = 0.05), the 
minimum detectable effect size is 0.273 (Westland, 2010). For YX standardized coefficients, values 
smaller than 0.10 are considered small effects, values greater than 0.30 are considered medium 
effects, and values greater than 0.50 are considered large effects (Westland, 2010). Previous studies 
suggest a medium effect of 0.30 is not unlikely when dealing with team-level latent variables like ours 
(Edmondson, 1999; Mathieu et al., 2008; Millward & Jeffries, 2001). We considered significance at α 
= 0.05 as evidence of a relationship. Given the sample size issues, we also considered α = 0.10, 
which lowers the minimum detectable effect from 0.273 to 0.246. We consider significance at 
α = 0.10 as weak evidence of a relationship. We considered p-values greater than 0.10 as evidence 
of no relationship. Note that differences in the distributions of the variables and adjustments to 
standard errors due to clustering will result in slight variations in the minimum detectable standardized 
effect. 
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RESULTS 
Study Population 
Of 559 surveys completed, 54 responses from 44 teams were excluded from the analysis. 
Surveys were excluded if they were missing answers for all questions within a single factor (n = 5). 
Also, because the surveys were fairly long (85 questions total), we were concerned that response 
sets could bias results. The questionnaire included both positively- and negatively-worded questions 
for two factors not included in this analysis. Thus, we excluded responses if they exhibited a tendency 
to answer negatively-worded questions the same way as positively-worded questions (n = 49) (i.e., 
answering “completely agree” for both). Of the 127 teams, 15 were missing data for one or more of 
the exogenous variables and were excluded from the analysis. Although SEM handles missing data 
well, missing data theory only applies to endogenous variables. It is possible to include observations 
with missing data for exogenous variables in the analysis by bringing them into the model as 
dependent variables. However, this also created issues with convergence, possibly due to 
distributional assumptions about the variables or a greater number of parameters for the software to 
estimate. Additionally, of the teams missing data for the exogenous variables, 13 teams were missing 
data for the key independent variable, staff-to-bed ratio. Thus, including these observations would not 
likely improve the model results. The final sample included 467 individuals from 112 teams, or 4.2 
respondents per team. 
Table 9 provides descriptive statistics for the 112 teams included in the analysis, including 
mean, standard deviation, minimum, and maximum for all observed variables. Approximately 26% of 
teams were from rural areas and 68% of teams worked in government-run hospitals. The average 
hospital staff size was 255, the average bed capacity was 99, and the average staff-to-bed ratio was 
3.1. The average size of the QI team was 9.2 persons and 27% of the teams were led by physicians. 
For the average team, respondents were 43% male, worked at their facility for an average of 4.7 
years, and had an average age of 34.1 years. 
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Structural Equation Modeling 
The initial model resulted in an insignificant χ2 of 103.86 (p = 0.251), RMSEA was 0.029 
(p = 0.850) and the upper limit on the 90% confidence interval was 0.060, and CFI was 0.983. The 
model was evaluated conditioned on the exogenous variables, so model fit was driven by the two 
dependent latent variables. Like regression analysis, SEM assumes all exogenous variables are 
correlated. Together, these fit statistics indicate that the data fit the model well. 
Bivariate correlations are shown in Table 10. The results of the SEM model, including factor 
loadings, are shown in Figure 3. Staff-to-bed ratio, our key independent variable, was positively 
associated with both perceived support (β = 0.26; p = 0.041) and team leadership (β = 0.19; 
p = 0.052). Working in a rural hospital (β = 0.86; p < 0.001) and QI team size (β = 0.29; p < 0.001) 
were both positively associated with team leadership, but were not associated with perceived support. 
Perceived support was negatively associated with the total number of hospital staff (β = −0.31; 
p = 0.017). The remaining variables were not significantly associated with either of the dependent 
variables. Overall, the main independent variables and control variables explained 9.7% of the 
variance in perceived support and 25.9% of the variance in team leadership. 
DISCUSSION 
Staff-to-bed ratio was our primary measure of the availability of slack resources. As expected, 
staff-to-bed ratio was positively associated with perceived support for teamwork (hypothesis 1) and 
coaching-oriented team leadership (hypothesis 2). In addition to being the purest measure of slack in 
this study, staff-to-bed ratio also likely reflects multiple dimensions of slack. For example, higher 
staffing ratios increase the availability of time and work schedule flexibility for staff and team leaders. 
Because staffing is ultimately a function of funding, staff-to-bed ratio is also likely associated with the 
availability of other resources. Thus, it is not surprising that staff-to-bed ratio had a positive effect on 
both team leadership and perceived support. The results suggest that hospitals with higher staff-to-
bed ratios will be better equipped to commit staff to QI.  
We also proposed two multidimensional features of slack. First, slack may arise from an 
increase in supply or a decrease in demand. For example, a hospital with no slack in staffing may 
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gain slack by hiring new employees or from a decrease in demand. Second, the type of resource can 
be expected to have an impact on the effect of slack. For example, the effect of financial slack may 
be different than slack in staffing. Ultimately, the type of slack that has the biggest impact on 
performance will depend on the purpose of the team or organization and the operating environment 
(Daniel et al., 2004). We included several team and organizational factors that are associated with 
these different features of slack: hospital location, QI team size, hospital type, number of hospital 
staff, and number of hospital beds. 
In high-income countries, hospitals located in urban areas often are larger, have more 
resources, and provide better quality care than hospitals in rural areas (Joynt, Harris, Orav, & Jha, 
2011). However, in Ghana and other lower-income countries, urban hospitals serve a larger and more 
complex patient population than rural hospitals. As a result, existing resource-scarcity issues common 
to these kinds of settings may be exacerbated in urban hospitals. In contrast, rural hospitals 
experience lower demand, which may increase slack, freeing up time and resources. Therefore, in 
Ghana, rural hospitals may have greater slack resources. On the other hand, rural hospitals may 
experience staff shortages, which could reduce slack. However, current workforce policies in Ghana 
require newly trained medical staff to work in rural areas for a short period of time. Although this 
increases staff turnover, these individuals often bring fresh ideas and enthusiasm for innovation and 
change.  
Interestingly, working in a rural hospital had a significant positive effect on coaching-oriented 
team leadership, but had no effect on perceived support for teamwork. Insofar as hospital location 
reflects slack resources, this supports our expectation that the origin or type of slack resource may 
have a different effect on teams. One possible explanation is that, in rural locations, QI team leaders 
have fewer competing demands for time and attention and are able to focus more on the work of the 
team. Increased slack due to decreased demand may have a lower effect (or none at all) on support 
for teamwork, as observed here.  
As the key implementing entity of QI interventions, the design and composition of the QI team 
shape much of how a team functions and set the team up for success or failure (S. G. Cohen & 
Bailey, 1997; Kaplan et al., 2010). For example, the size of the team determines the size of the pool 
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of resources and skills available to the team (Horwitz & Horwitz, 2007). In general, a larger team 
provides numerous benefits for QI, especially in lower-income countries like Ghana. In addition to 
having a larger pool of resources and skills, larger QI teams have a greater number of staff to which 
tasks can be distributed. This increases the manpower and allows teams to take on more ambitious 
projects. Thus, QI team size may reflect time, information, personnel, and other resources. QI team 
size also likely fits as a feature of slack caused by increases in supply. 
Although QI team size could be a more general measure of slack, like staff-to-bed ratio, QI 
team size was only associated with coaching-oriented team leadership. In Ghana, it is possible that 
QI team size also better reflects time and human resources. A small, under-funded facility with a large 
QI team may not have greater resources or more overall staff than a similar facility. Large and small 
QI teams alike may have equal access to information and outside support, particularly in the context 
of a program like PFA. Another possible explanation for these results is that team size may have a 
have a curvilinear effect on team performance (S. G. Cohen & Bailey, 1997). Alternatively, it is 
possible that teams in this study were the appropriate size for the work they were trying to 
accomplish.  
The strong positive effect of QI team size on team leadership may be due to a number of 
factors. First, when teams are small, QI leaders may have to do more of the work, spending less time 
leading and directing the team. By delegating tasks to a wider pool of individuals, QI team leaders 
may also have more time to focus on coaching and empowering team members (Martin et al., 2013). 
Lastly, because QI leaders are members of the teams themselves, larger teams have a larger pool 
from which to draw potential leaders. Alternatively, the effect of QI team size on team leadership may 
reflect the fact that larger teams require more effective leadership. 
After controlling for staff-to-bed ratio, the total number of hospital staff was negatively 
associated with perceived support for teamwork and had no effect on team leadership. Although 
staffing ratios are arguably better measures of slack, total number of hospital staff may be associated 
with slack for the same reason as QI team size. Thus, the negative effect on perceived support was 
surprising. However, as with hospital location, it is possible that total number of hospital staff 
members reflects higher demand and lower slack, after controlling for staff-to-bed ratio. Alternatively, 
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when there are more overall staff members at a facility, the work of the QI team may be a lower 
priority as other efforts take center stage. In other words, perhaps the total number of hospital staff 
has a curvilinear effect. As mentioned previously, others have shown that for some dimensions of 
slack, too much can have a negative impact (Daniel et al., 2004). Lastly, total number of hospital staff 
may reflect other factors, making it a poor measure of slack. 
The total number of hospital beds and whether or not a hospital was government-run had no 
effect on either perceived support or team leadership. Total number of hospital beds could be 
negatively associated with slack, but it may be a poor measure of slack after controlling for staff-to-
bed ratio. Hospital type could reflect variations in slack arising from differences in resource provision 
as government-run hospitals may be less well funded and provisioned than private or other hospitals. 
However, hospital type either has no effect or there are too many other confounding factors.  
Overall, the results support our main hypothesis that the availability of slack resources has a 
positive effect on perceived support and team leadership. The results also suggest that there are 
different dimensions of slack and that these different dimensions affect perceived support and team 
leadership differently. Whether slack arises due to a drop in demand or an increase in supply may 
moderate the effect of slack on teams. The effect of slack on QI teams also can be expected to vary 
depending on the type of resource. 
It is worth noting that the teams in this study were established as part of PFA. Project officers 
helped hospitals identify the type and number of individuals needed for a QI team to succeed. 
Although PFA did not provide any physical or monetary resources to the teams, they did work with 
leaders and hospital administrators to discuss the kinds of resources needed for success. As 
mentioned previously, the independent variables explained 9.7% of the variance for perceived 
support and 25.9% of the variance for team leadership. It is possible that teams participating in PFA 
received fairly similar levels of support or that this study did not include other key factors. Additionally, 
some elements of support, such as Support-2 (“my team has the financial resources it needs carry 
out QI activities”) were fairly low for all teams and may be less responsive to the exogenous variables 
included in this study. 
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On the other hand, team leadership may receive less attention from PFA than the technical 
aspects of QI. Although teams had an individual designated as the QI leader, there was little training 
or coaching on how to be an effective leader in QI. The learning sessions focused on QI methods and 
less on developing, supporting, and motivating effective teams. As a result, leadership varies 
substantially across teams. Some teams lead by committee and others have one individual who is 
extremely authoritative. The fact that PFA did not focus as strongly on leadership may make team 
leadership more responsive to the independent and control variables included in this study. 
Limitations 
This study has several limitations. First, the analysis was conditioned on the exogenous 
variables and 15 teams (11.8% of the sample) were omitted due to missing data for exogenous 
variables. However, the results will only be biased if the data are not missing at random (Graham, 
2009). Second, age, gender, and tenure should ideally refer to the team averages. However, the 
measures used for these three variables only reflect the characteristics of the respondents. The true 
effects may be different depending on which team members were selected to participate in the 
collaborative learning sessions. Third, we attempted to estimate a multilevel model but had issues 
with model convergence. As a result, we evaluated the model at the group level using aggregated 
data. This creates several issues, including reducing our sample size and potentially biasing our 
standard errors. However, the factors included in this model use the team as a reference and are 
believed to behave similarly at both the individual or group level of analysis, meaning that the 
standard errors for our parameter estimates are likely unbiased (Pornprasertmanit et al., 2014). The 
reduced sample size is a bigger issue. We had sufficient power to evaluate model fit, but may not 
have been able to detect some meaningful effect sizes. Because the factors referred to the teams, we 
expected the individual-level data and group-level data to produce similar results. Thus, we also 
analyzed a model at the individual level using robust standard errors accounting for clustering in 
teams. This model provided similar fit statistics and similar conclusions based on the parameter 
estimates. The one exception was that staff-to-bed ratio was not significantly associated team 
leadership in the individual-level model (p = 0.168). The standardized effect sizes were also 
somewhat smaller, indicating that the aggregated data are more responsive to the independent 
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variables. Fourth, this analysis is a cross-sectional, observational study and we are unable to claim 
causation based on the results in our model. Finally, our measures of slack resources may reflect 
other observed factors. For example, hospitals with higher staffing ratios may treat more complicated 
patients. Also, rural versus urban location may reflect differences not considered in this study, such 
as culture and education. 
Contributions and Future Work 
We believe this study builds on the current literature in several ways. No previous studies 
have looked at the effect of slack resources on QI in lower-income countries. Because QI teams are 
typically comprised of workers with other primary obligations, involvement in QI must be built into 
team members’ schedules. In low-resource settings, the role of slack is likely even more important. 
We show that measures of slack resources, in particular staff-to-bed ratio, are related to antecedent 
conditions necessary for effective teamwork, such as perceived support and team leadership. In the 
future, project implementers may wish to consider features of slack when training and establishing 
local QI teams.  
Because QI teams will likely continue to operate with limited slack resources, future work is 
needed to identify potential strategies to support QI efforts under these conditions. Also, whereas this 
study focuses on two antecedent conditions for effective teamwork, future studies should evaluate the 
effect of slack on teams’ ability to produce actual improvements in care processes. Although this 
study demonstrates the usefulness of staff ratios as measures of slack resources, we contribute 
additional evidence showing that slack is a multidimensional construct. Thus, future work should 
focus on developing new measurement tools to more precisely and accurately evaluate slack. 
Mallidou et al. (2011) present early-stage efforts to develop scales for this purpose, but efforts should 
also continue to use objective measures. 
CONCLUSION 
The findings from this study identify key contextual factors that may affect QI teams in 
countries like Ghana. Specifically, the results show that staff-to-bed ratio, a measure of the availability 
of slack resources, is positively associated with perceived support for teamwork and coaching-
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oriented team leadership. Limited slack resources may be a key obstacle that limits the effectiveness 
of QI teams. When slack is low, QI team members will likely prioritize their primary work tasks, such 
as the delivery of healthcare services. Those working to establish QI teams in lower-income countries 
should consider strategies to support teams working in these kinds of conditions. At the very least, 
preliminary evaluations should assess the availability of slack resources and other contextual factors 
that might affect QI teams. Additionally, other team and organizational factors related to slack, such 
as QI team size and hospital location, were associated with team leadership, but not perceived 
support. This builds on existing research and suggests additional multidimensional characteristics of 
slack resources. 
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TABLES AND FIGURES 
Table 8. Overview of Variables and Measures for Aim 2 
Model Construct Variable Measure Measure Type Level of Observation Data Source 
Perceived 
Support 
Support-1 It is easy for my team to obtain expert assistance when something comes up that we don’t know how to handle. 
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Support-2 My team has the financial resources it needs carry out QI activities. 
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Support-3 Leaders at my facility make sure people have the skills and knowledge needed to work in teams. 
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Support-4 Leaders at my facility strongly support the work of my team. 
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Support-5 Leaders at my facility have made QI a high priority. Continuous (7-point Likert) Individual 
QI Team 
Questionnaire 
Team  
Leadership 
Lead-1 There is a person on my team who initiates meetings to discuss the team’s progress.   
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Lead-2 There is a person on my team who is available for consultation on problems.   
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Lead-3 There is a person on my team who provides feedback on team member performance, identifying strengths and weaknesses.  
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Lead-4 My team has a leader who is an ongoing presence on the team—someone who is readily available. 
Continuous 
(7-point Likert) Individual 
QI Team 
Questionnaire 
Independent 
Variables 
Staff-to-bed 
ratio 
Total number of hospital staff divided by total number of 
hospital beds Continuous Team/Hospital 
Administrative 
Dataset 
Rural Indicator of whether a hospital is rural or other (e.g., urban or peri-urban) 
Binary: 
0 = N; 1 = Y Team/Hospital 
Administrative 
Dataset 
QI team size Average response to “Estimate the number of people who are on your QI team” Continuous Individual 
QI Team 
Questionnaire 
Government Indicator of whether a hospital is government-run or other (e.g., private or quasi) 
Binary: 
0 = N; 1 = Y Team/Hospital 
Administrative 
Dataset 
Hospital staff 
size Total number of staff that work at the hospital Continuous Team/Hospital 
Administrative 
Dataset 
Bed capacity Total number of beds at the hospital Continuous Team/Hospital Administrative Dataset 
Physician 
QI leader 
Indicator of whether the leader of the QI team is a 
physician or other profession 
Binary: 
0 = N; 1 = Y Team/Hospital 
Administrative 
Dataset 
Age Average response to “Age (years)” Continuous Individual QI Team Questionnaire 
Male Proportion of team members who select male as their gender Continuous Individual 
QI Team 
Questionnaire 
Tenure Average response to “How long have you been working at your current facility? (years)” Continuous Individual 
QI Team 
Questionnaire 
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Figure 2. Slack and Antecedent Team Conditions 
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Table 9. Team-Level Descriptive Statistics 
Model Construct Variable Mean (SD) Minimum Maximum 
Perceived Support 
Support-1 5.28 (1.02) 2.0 7.0 
Support-2 3.53 (1.39) 1.0 6.25 
Support-3 5.02 (0.95) 2.5 7.0 
Support-4 5.03 (1.29) 1.33 7.0 
Support-5 4.82 (1.28) 1.67 7.0 
Team Leadership 
Lead-1 5.82 (0.81) 3.50 7.0 
Lead-2 5.66 (0.94) 1.67 7.0 
Lead-3 5.08 (1.06) 1.67 7.0 
Lead-4 5.80 (1.10) 1.33 7.0 
Independent Variables 
Staff-to-bed ratio 3.14 (2.67) 0.54 21.95 
Rural* 25.9%  
QI team size 9.21 (3.54) 4.33 24.4 
Government* 67.8%  
Hospital staff size 254.9 (177.8) 43 1,100 
Bed capacity 98.6 (64.4) 10 317 
Physician QI leader* 26.8%  
Average age 34.1 (4.9) 26.8 48.3 
Percent male 43.0 (25.1) 0.0 100 
Tenure (team 
average) 
4.7 
(3.3) 1.0 22.3 
N = 112 teams 
Note: Average of group averages are presented for all continuous variables. 
*Percent of teams with indicated feature is shown. 
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Table 10. Bivariate Correlations for Aim 2 
 Variable 1 2 3 4 5 6 7 8 9 10 11 12 
1 Perceived Support 1.000            
2 Team Leadership 0.381** 1.000           
3 Staff-to-bed ratio 0.071 0.189** 1.000          
4 Rural hospital^ 0.120 0.327** −0.152** 1.000         
5 QI team size 0.097 0.284** 0.167* −0.089 1.000        
6 Government hospital^ 0.020 0.014 −0.238** −0.161 0.085 1.000       
7 Hospital staff size −0.118 −0.026 0.297** −0.323** 0.117 0.124* 1.000      
8 Bed capacity −0.077 −0.171* −0.323** −0.249** −0.004 −0.140 0.660** 1.000     
9 Physician QI leader^ −0.040 0.101 0.194* 0.057 −0.053 0.071 0.099 −0.087 1.000    
10 Average age 0.058 −0.001 0.085 −0.098 −0.061 0.017 0.139** 0.119 −0.005 1.000   
11 Percent male 0.138 0.031 −0.204** 0.049 0.107 −0.111 −0.251** −0.111 −0.044 −0.133 1.000  
12 Average tenure 0.097 −0.107 0.005 −0.120 0.001 −0.273** 0.197** 0.338** −0.052 0.499** −0.016 1.000 
Note: Variables 1 and 2 are latent variables. 
^ Indicates to binary variables 
* Indicates significance at p < 0.10 
** Indicates significance at p < 0.05 
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Figure 3. Standardized SEM Results for Aim 2 
 
Notes: YX standardized estimates are presented for continuous variables. 
Y standardized estimates are presented for binary variables. 
*Indicates binary variable.
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CHAPTER 4: PSYCHOLOGICAL SAFETY, LEARNING BEHAVIOR, AND THE IMPLEMENTATION 
OF A QUALITY IMPROVEMENT INTERVENTION IN GHANA 
OVERVIEW 
Background: Evaluations have shown that quality improvement (QI) interventions often fail to 
deliver the desired results. Variability across groups within the same intervention highlights the 
importance of the QI team. As the key implementing unit of QI initiatives, teams are critical for the 
success or failure of QI efforts. We apply a model of work-team learning to the study of hospital-
based QI teams in Ghana. We test the ability of the model of work-team learning to explain variation 
in the implementation of QI methods. 
Methods: We used structural equation modeling to simultaneously estimate relationships 
between coaching-oriented team leadership, perceived support for teamwork, team psychological 
safety, team learning behavior, and QI implementation. We conducted the analysis at the team level, 
aggregating individual level survey data from 490 QI team members to the team level. We used an 
observer-rated measure of QI implementation. The final analysis included 122 teams. We assessed 
model fit and tested significance of standardized parameters, including direct and indirect effects. 
Results: As hypothesized, learning behavior mediated a positive relationship between 
psychological safety and QI implementation (β = 0.171, p = 0.001). Psychological safety mediated a 
positive relationship between team leadership and learning behavior (β = 0.384, p = 0.068). 
Perceived support for teamwork did not have a significant effect on psychological safety. Overall, the 
model explained 14.1% of the variance in QI implementation. 
Conclusions: The results suggest that psychological safety and learning behavior are key for 
the success of newly formed QI teams working in lower-income countries. These factors may 
represent leverage points through which facilitators can promote implementation effectiveness. 
Recommendations for future work are discussed. 
59 
BACKGROUND 
Quality improvement (QI) is a systematic, data-driven approach to improve the delivery of 
healthcare services (Batalden & Davidoff, 2007). QI typically consists of teams of individuals working 
together to identify and test improvements in care processes. This is the case for Project Fives Alive! 
(PFA), a national, multi-year project designed to reduce mortality in children under 5 years of age in 
Ghana by improving "the processes of care during pregnancy through the most vulnerable period of 
labor, delivery, and postnatal care." PFA's primary strategy was the development and training of local 
QI teams in the use of QI methods with the goal of disseminating evidence-based practices (Twum-
Danso et al., 2012). 
First developed and popularized in high-income countries, QI interventions are now being 
implemented more frequently in lower-income countries (Leatherman et al., 2010). Despite the 
increased adoption of QI methods, QI efforts often fail to deliver the desired improvements in 
healthcare quality and safety (Taylor et al., 2014). There is, however, evidence that demonstrates the 
effectiveness of QI strategies in improving quality and patient safety (Mason, Nicolay, & Darzi, 2015; 
Shojania et al., 2004), suggesting that the failure of QI efforts may reflect a problem with 
implementation rather than innovation (Klein & Sorra, 1996; Lukas et al., 2009). That is, even if QI is 
an effective strategy, it may not always be well implemented. Variation in the implementation of QI 
methods may explain the mixed results produced by QI interventions (Chassin & Loeb, 2011; 
Hulscher et al., 2013; Taylor et al., 2014). 
As the key implementing unit of QI initiatives, teams are critical to the success or failure of QI 
efforts (J. Hackman & Wageman, 1995). Studies of large-scale interventions involving many teams 
show that some QI teams are more effective than others (Kaplan et al., 2010). The role of the team 
has largely been overlooked, especially in lower-income countries (Kringos et al., 2015; Leatherman 
et al., 2010). Furthermore, much of the existing evidence on QI does not consider measures of QI 
implementation or relevant antecedents. 
Team Effectiveness 
Team effectiveness refers to the degree to which a team meets expectations set by the 
organization (J. Hackman, 1987). In the case of QI teams, team effectiveness is synonymous with QI 
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implementation effectiveness, or the consistency and quality of innovation use (Klein & Sorra, 1996). 
In other words, effective teams are those that consistently apply QI methods in an effort to deliver 
local improvements in care quality. Although teams have the potential to deliver performance greater 
than the sum of the individual parts alone, teamwork creates risks as well (Katzenbach & Smith, 
1993). Teams rarely achieve high levels of performance by accident. Rather, success is a function of 
team members' talents and available resources, as well as the interactions between team members 
(Lemieux-Charles & McGuire, 2006; Marks et al., 2001). 
Although researchers have yet to converge on a single unifying model of team effectiveness, 
the team literature reveals common themes. For example, predictors of team effectiveness are often 
grouped into several distinct domains. One common domain consists of antecedent conditions. 
Antecedent conditions are contextual factors at the team-level that are considered necessary for 
teams to function. Antecedent conditions include features such as the composition of the team, the 
skills and abilities of individuals within the team, the resources at the disposal of the team, and 
effective leadership. Although antecedent conditions are thought to determine much of how teams 
operate, antecedent conditions are considered distal predictors that almost always influence team 
effectiveness through other factors (Brennan et al., 2013; S. G. Cohen & Bailey, 1997; Edmondson, 
1999; Mathieu et al., 2008). Accordingly, a significant portion of the team literature focuses on a 
domain of mediators that are directly affected by antecedent conditions. This domain consists of 
beliefs, attitudes, and emergent team states such as psychological safety, team efficacy, 
commitment, and values (S. G. Cohen & Bailey, 1997; Edmondson, 1999; B. J. Weiner, 2009). These 
fluid characteristics of teams are often seen as key targets for interventions to improve team 
performance. Lastly, the aforementioned mediators act on team processes and behaviors, factors 
that are typically presented as the most proximal predictors of team effectiveness (Brennan et al., 
2013; S. G. Cohen & Bailey, 1997; Kozlowski & Ilgen, 2006; Mathieu et al., 2008). Examples of 
processes include conflict management, communication, decision-making, and learning behavior. 
Summary 
Edmondson’s model of work-team learning identifies team-level factors related to team 
effectiveness from each of the aforementioned domains, antecedent conditions, team beliefs, and 
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team behaviors (Edmondson, 1999). In this study, we apply Edmondson’s model of work-team 
learning to the study of hospital-based QI teams in Ghana (Figure 4). We test the ability of the model 
of work-team learning to explain variation in the implementation of QI methods by teams in Ghana. 
The results will aid efforts to identify leverage points that can be targeted to support teams QI teams 
working in lower-income countries. 
METHODS 
Antecedent conditions included in the model of work-team learning, team leadership and 
perceived support, are considered distal predictors of team effectiveness (Edmondson, 1999). Team 
beliefs (psychological safety and team efficacy) mediate the effect of antecedent conditions on team 
learning behavior, which in turn influences team effectiveness (Edmondson, 1999). Our conceptual 
model reflects these relationships, but does not include team efficacy. Rather, we focus on 
psychological safety as the key mediator of interest. Also, whereas Edmondson used a generic scale 
of performance as the outcome of interest, we refer specifically to QI implementation. 
Theoretical Framework and Hypotheses 
Team learning refers to the capacity of team members to engage in genuine “thinking 
together,” where groups collectively discover insights not attainable individually (Senge, 2006). 
Specifically, we define team learning behavior as a process of detecting and correcting error, where 
learning behaviors include seeking feedback, reflecting on work, and discussing mistakes (Argyris & 
Schön, 1978). The model of work-team learning identifies team learning behavior as a key direct 
determinant of team effectiveness, particularly for teams where information gathering is central to the 
goal of the team (Edmondson, 1999). Furthermore, organizations exhibit a tendency to maintain the 
status quo; in the face of pressure to resist change, learning behavior helps organizations adapt and 
establish new routines (Edmondson, Bohmer, & Pisano, 2001; B. Levitt & March, 1988). Because QI 
teams are engaged in work to identify, test, and implement improvements in local care processes, 
learning behavior is inherently critical for success (Edmondson & Lei, 2014). 
Defined as a shared belief that the team is a safe place for interpersonal risk taking, 
psychological safety reflects a team climate characterized by interpersonal trust and mutual respect. 
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Psychological safety is arguably the most important factor in the model of work-team learning 
(Edmondson, 1999). Over the past 15 years, a sizeable body of work has demonstrated a relationship 
between psychological safety, learning behavior, and team performance (Edmondson & Lei, 2014). In 
healthcare, for example, psychological safety has been linked to improvements in care processes 
(Tucker et al., 2007). In QI, psychological safety promotes creative thinking and exploratory learning 
(Choo et al., 2007). Psychological safety alleviates the fear of rejection and supports active 
participation by team members. This in turn creates an environment where team members are more 
likely to recognize errors and address existing failures and shortcomings (Edmondson, 1999). We 
expect teams with high psychological safety to engage more enthusiastically and consistently in QI 
activities. Thus, we propose hypothesis 1: 
 Hypothesis 1: Team learning behavior mediates a positive relationship between team 
psychological safety and QI implementation. 
In the model of work-team learning, perceived support for teamwork and team leadership are 
antecedent conditions that influence team beliefs (Edmondson, 1999). We define perceived support 
as the collective degree to which team members feel the organization provides adequate resources 
and information and supports the efforts of the team (Edmondson, 1999; Shortell et al., 2004). High 
perceived support may lead team members to believe that the work of the team is important. As a 
result, team members develop a greater sense of security and a higher willingness to engage in 
related tasks. When perceived support is low, team members may feel that the work is unimportant 
and not worth taking risks. Like perceived support, team leadership is a key requirement for 
successful teamwork (Burke et al., 2006; J. Hackman, 1987). However, it is worth noting that leaders 
play many roles and that leadership is a complex, multidimensional construct (Zaccaro et al., 2002). 
This study uses a definition of leadership that focuses on the degree to which the team has a 
coaching-oriented leader who guides the work of the team (Edmondson, 1999). One key related role 
of leaders is shaping the beliefs and mindsets of teams (Kozlowski & Ilgen, 2006). The influence of 
leaders may also be intentional or unintentional as team members are typically acutely aware of 
leader behavior (Tyler & Lind, 1992). Authoritative, punitive leadership discourages team members 
from engaging in interpersonal risks, like discussing errors (Edmondson, 1996). On the other hand, 
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effective team leadership can promote trust, supporting psychological safety and team performance 
(Hirak, Peng, Carmeli, & Schaubroeck, 2012). Thus, we propose hypotheses 2 and 3: 
 Hypothesis 2: Team psychological safety mediates a positive relationship between 
coaching-oriented team leadership and team learning behavior. 
 Hypothesis 3: Team psychological safety mediates a positive relationship between 
perceived support for teamwork and team learning behavior. 
Study Setting and Sample 
PFA was a nationwide program in Ghana to reduce under-5 mortality by developing local QI 
teams with the intention of scaling up evidence-based practices (Twum-Danso et al., 2012). The 5-
year project was funded by the Bill and Melinda Gates Foundation and was supported by the Institute 
for Healthcare Improvement and the National Catholic Health Service of Ghana. This study focuses 
on PFA-affiliated hospital-based QI teams from the seven southernmost regions of Ghana. Almost 
none of the QI teams existed prior to PFA. As part of PFA, the teams participated in four regional 
learning collaborative sessions where they shared their experiences with QI, discussed successes 
and failures, and received additional training in QI methods. Project officers provided assistance and 
helped the teams apply concepts from the learning collaboratives. Each project officer typically 
worked with teams from one region. 
The unit of analysis in this study is the team. The final sample included 122 hospital-based QI 
teams. Teams included in this study had team members complete the QI team questionnaire 
(Appendix 1) at the fourth round of learning collaborative sessions and were evaluated by project 
officers. As part of a program evaluation, this study was determined to be exempt from review by the 
institutional review board at the University of North Carolina at Chapel Hill. 
Measures and Data Sources 
Team-Level Factors: Team-level factors were measured with QI team questionnaires. 
These questionnaires consisted of 85 questions on team-level factors from multiple domains. Each 
question used a 7-point Likert response scale from "completely disagree" to "completely agree". The 
questionnaires were completed by individual QI team members present at the fourth round of 
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collaborative learning sessions. Respondents included physicians, pharmacists, nurses, midwives, 
administrators, health informatics officers, and others. Project officers asked all learning session 
participants to complete surveys, resulting in a response rate close to 100%. These paper surveys 
were completed during 13 separate meetings from May 2015 to September 2015, approximately 
16 to 18 months after the teams were formed. The survey forms were double-coded by two staff 
members in Ghana. Responses with discrepancies between the two staff members were recoded. 
We used a subset of items from the QI team questionnaire to measure team leadership, 
perceived support, psychological safety, and learning behavior (see Table 11). Team leadership 
consisted of three items (Lead-1 through 3), perceived support consisted of four items (Support-1 
through 4), psychological safety consisted of five items (Safety-1 through 5), and learning behavior 
consisted of three items (Learn-1 through 3). Team scores for each item were calculated as the 
average response from respective team members. After aggregating the data, the McDonald's 
omega (ω) reliabilities were 0.866 for team leadership, 0.792 for perceived support, 0.748 for 
psychological safety, and 0.830 for learning behavior, well above the frequently cited cutoff of 0.70 
(DeVellis, 2012). 
Confirmatory factor analyses (CFAs), psychometric characteristics, and multilevel properties 
of these factors are described in Chapter 3. Because this analysis uses a subset of the items and the 
teams included in Chapter 3, we present separate CFA results in Table 12. We also present 
measures of interrater reliability (Rwg(j)) and intraclass correlation (ICC1) to justify our decision to 
aggregate data from individuals to the group level (Table 13). The lowest Rwg(j) value was 0.745 for 
team leadership (based on a moderately skewed distribution) and the lowest average ICC1 was for 
0.149 for learning behavior. Collectively, the Rwg(j) and ICC1 values indicate moderate to strong 
agreement at the group level (Bliese & Halverson, 1998; James et al., 1984; LeBreton & Senter, 
2008). Additionally, although these factors may also be important at the individual level, the items 
used to measure the latent variables specifically refer to “my team”, “we”, or “all team members”. 
QI Implementation: As mentioned previously, for QI teams, team effectiveness refers to the 
intensity and fidelity with which teams implement QI methods. However, There is no well-established 
instrument for evaluating the implementation of QI methods (Groene, Botje, Suñol, Lopez, & Wagner, 
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2013). Thus, the measure of QI implementation used in this analysis combined a three-item scale of 
team performance with three questions about a team’s QI activity (Table 11) (Edmondson, 1999; 
Lemieux‐Charles et al., 2002). All six items for QI implementation used a 7-point Likert scale from 
"completely disagree" to "completely agree." The three questions about a team’s QI activity referred 
to: 1) the degree to which a team evaluates variation in how work is carried out; 2) whether or not a 
team has made an actual change in the way some aspect of work is done; and 3) how frequently a 
team meets to work on QI. For the performance items, project officers were instructed to “think about 
the team in terms of how well team members work together and how effectively the team implements 
quality improvement methods.” Because the performance items and QI activity items both referenced 
QI and used the same response scale, we combined the items into a single latent variable. A CFA of 
our latent variable for QI implementation revealed excellent model fit (Table 12) and a high ω 
reliability of 0.912. 
Our key outcome measure, QI implementation, came from surveys of project officers. The 
project officer surveys (Appendix 2) consisted of 13 questions on the performance of QI teams. In 
total, eight project officers completed surveys for 122 teams from seven regions. Project officers were 
instructed to complete the surveys during site visits with each team prior to the fourth round of 
learning sessions. As outsiders who each worked closely with a subset of the QI teams, project 
officers were well positioned to evaluate the performance of teams. The project officers worked with 
and rated teams from only one region of Ghana each. 
Control Variables: Control variables came from two sources (Table 11). First, the QI team 
questionnaire included questions about demographics and team composition. In particular, we 
controlled for average age of respondents and the average reported number of people on the QI 
team. Second, the hospital administrative dataset provided information on the type, location, size, and 
staffing of each hospital. We controlled for rural location, staff size, and staff-to-bed ratio. Rural 
location is a dichotomous indicator of whether a hospital was located in a rural versus urban or peri-
urban area. Staff size refers to the total number of staff that work at a hospital. Finally, staff-to-bed 
ratio is a measure of slack resources that was calculated by dividing the total number of staff at each 
hospital by the total number of hospital beds (Mohr & Young, 2012). Ghana does not have reliable or 
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consistent records of hospital features like bed capacity and the number of staff, so these 
administrative data items were collected by project officers. In most cases, the project officers 
contacted hospital administrators by phone to collect this information. 
Statistical Analyses 
We used structural equation modeling (SEM) to test the hypotheses described above. 
Essentially, SEM consists of simultaneous multivariate regressions. SEM allows for the estimation of 
unobserved, latent variables using shared variance from observed variables. This accounts for and 
eliminates bias from measurement error (Bollen, 1989). Another advantage of SEM is that it allows 
researchers to simultaneously test multiple paths, a useful feature when working with complex 
frameworks that include mediation or moderation (Bollen, 1989). As a result, we were able to 
estimate and test direct, indirect, and total effects. 
As described previously, the analysis was conducted at the team level and all individual-level 
data were aggregated to the team level. A multilevel model was also developed but demonstrated 
issues with convergence likely due to an average team size under 10, unequal ICC1 for the latent 
variable indicators, and several ICC1 values under 0.25 (Pornprasertmanit et al., 2014). As a result, 
the multilevel model produced unreliable estimates. Due to computational issues like these, 
aggregation is still the typical approach when dealing with group-level data collected across 
individuals. The Rwg(j) and ICC1 values in Table 13 provide strong evidence in favor of aggregating the 
data, but aggregating data can still produce biased standard errors. However, team leadership, 
perceived support, psychological safety, and learning behavior used the team as a reference and 
should operate similarly at both the individual- and team level of analysis (Dyer et al., 2005). As a 
result, the bias for our standard error parameters is likely quite low (Pornprasertmanit et al., 2014). 
The final model for this analysis (based on Figure 4) was evaluated using Mplus (v 7.4) using 
a maximum likelihood estimator with clustered-robust standard errors to adjust for the seven regions 
of Ghana. Although maximum likelihood estimation works best with continuous data, studies have 
shown that Likert-type questions approximate continuous data when they have a response scale with 
six or more questions and the distributions are not highly skewed (Kline, 2015; Rhemtulla et al., 
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2012). Additionally, aggregation results in data that are more continuous in nature and have more 
normal distributions. 
The first step in analyzing structural equation models is evaluating the fit of the model. We 
evaluated model fit using the scaled chi-squared (χ2) value, comparative fit index (CFI), and root 
mean squared error of approximation (RMSEA). Good model fit is indicated by an insignificant χ2 
value, CFI greater than 0.95, and RMSEA less than 0.05 (Bollen, 1989; Bollen & Paxton, 2000; Hu & 
Bentler, 1999). Model fit provides an indication of how closely the observed data matches the 
expected data given the specified model. Poorly fitting models may provide biased results. We initially 
tested a model of complete mediation as shown in Figure 5. We tested improvements in model fit by 
adding three correlated errors based on a priori expectations about relationships between items. 
Lastly, we compared the results and fit of a model of complete mediation to a model of partial 
mediation. The partial mediation model is essentially an unrestricted model where all latent variables 
are allowed to affect subsequent latent variables in the model. 
After we achieved a well-fitting model, we tested the significance of all standardized 
estimates. We also estimated and tested all standardized indirect and total effects. Standardized 
parameter estimates are transformations of unstandardized regression coefficients that remove 
scaling and better allow for comparison of effects across parameters. All results are presented using 
YX standardization where the parameter is scaled using the standard deviations of both the 
independent and dependent variables, where βstdyx = β*σx/σy (Muthén & Muthén, 2012). Parameters 
from YX standardization refer to a β standard deviation change in the dependent variable associated 
with a one standard deviation change in the independent variable. Indirect effects are the product of 
the regression coefficients along the respective indirect path (Muthén & Muthén, 2012). 
Power 
Power calculations for SEM are substantially more complicated than power calculations for 
simple regressions. One key difference is that SEM power calculations should also consider model 
structure. The required sample size is a function of model structure as well as the ratio of the number 
of observed variables to latent variables. Based on our model structure, one estimate suggested we 
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needed a minimum of 113 teams (Westland, 2010). Given the complexity of the model, estimating the 
sample size needed to observe a desired effect size is more challenging. Common rules of thumb 
suggest having at least 10 observations per indicator variable, but these rules are not based on 
empirical evidence and other conflicting recommendations exist (Howell, 2012). For example, others 
suggest 5 to 10 observations per variable or a minimum of 200 observations. However, Bollen (1989) 
notes that there are no hard-and-fast rules about the required sample size. Additionally, recent 
simulations suggest the high factor loadings and low degree of missingness in our data may result in 
increased power (Wolf, Harrington, Clark, & Miller, 2013). As with traditional power calculations, 
smaller sample sizes are needed to observe larger effects. Previous studies suggest an effect size of 
0.25 is not unlikely when dealing with similar team-level latent variables (Edmondson, 1999; Millward 
& Jeffries, 2001). However, SEM is a large sample technique and the final sample size of 122 teams 
is still lower than ideal. Thus, in addition to considering significance at α = 0.05 as evidence of a 
relationship, we also considered significance at α = 0.10 as weak evidence of a relationship. 
RESULTS 
Study Population 
A total of 141 hospital-based QI teams were on record as participating in this phase of PFA. 
Of these teams, 4 did not attend the fourth round of learning sessions and did not complete the QI 
team questionnaire. A total of 602 individuals from 137 teams completed the questionnaire. Of these, 
43 individuals from 9 teams were given outdated survey forms and were excluded from this analysis. 
An additional 25 responses were excluded for exhibiting a strong tendency toward response sets by 
answering positively- and negatively- worded questions similarly (i.e., answering “completely agree” 
for both). We also excluded responses that were missing entirely for a single factor (n = 7). We 
excluded 5 additional teams for which project officer surveys were missing. Lastly, 14 of the 
remaining teams were missing data on one or more variables from the hospital administrative 
dataset. However, SEM handles missing data well and it is possible to include observations with 
missing data for exogenous variables in the analysis by bringing them into the model as dependent 
variables. Because these teams were missing data for control variables and not key factors, we 
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chose to include them in the model. Also, because we aggregated data to the team level, none of the 
teams were missing data for any of the items from the QI team questionnaires. 
The final analytical sample included 490 individuals from 122 QI teams for an average of 4.02 
respondents per team. Table 14 provides descriptive statistics for the 122 teams included in the 
analysis, including mean, standard deviation, minimum, and maximum for all observed variables. 
Approximately 23.7% of teams were from rural areas, the average hospital staff size was 252, the 
average staff-to-bed ratio was 3.16, the average QI team had 9.1 members, and the average QI team 
had an average respondent age of 34.13 years. The average score for the items in the QI 
implementation latent variable was 4.78 (out of 7). Bivariate correlations between control variables 
and latent variables are shown in Table 15. 
SEM Model Fit 
We tested an initial model of complete mediation. The fit indices for this model indicated 
“acceptable” model fit; CFI was 0.920 and RMSEA was 0.066 with a significant p-value (Table 12). 
We relaxed the model by allowing correlated errors for the following three pairs of items (Table 11): 
 Support-3 and Support-4 because the items had highly similar meaning and wording (the 
items started with “Leaders at my facility”); 
 Safety-1 and Safety-2 because these two items were positively-worded whereas the 
remaining three items for psychological safety were negatively-worded;  
 QI Practice-1 and QI Practice-2 because these questions both came from Lemieux-Charles 
et al. (2002) and were the most technical of all the QI implementation questions. 
Adding these three correlated errors produced a CFI of 0.936 and RMSEA of 0.059 with an 
insignificant p-value, indicating improvement over the basic model. Although it is difficult to tell 
whether these improvements in CFI and RMSEA are significant, Schwarz Bayesian information 
criteria (BICs) can be used to compare the fit of two similar models; the more negative the BICs, the 
better the model fit (Schwarz, 1978). In this case, the difference between the basic model of complete 
mediation and the model with three correlated errors was −15, indicating “very strong” evidence in 
favor of the model with the correlated errors (Schwarz, 1978). 
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Because complete mediation is often an unrealistic expectation, we also compared the fit of 
the model of complete mediation with three pairs of correlated errors to a model of partial mediation 
with the same correlated errors (Table 12). The model of partial mediation allows all latent variables 
to act on subsequent latent variables, freeing up five paths that were otherwise restricted to zero 
(Figure 6). The model of partial mediation produced a CFI of 0.940 and RMSEA of 0.058 with an 
insignificant p-value. At first glance, the model of partial mediation appeared to have improved fit. 
However, the BICs for the model of partial mediation was −869.0 compared to −882.1 for the model of 
complete mediation, providing very strong evidence in favor of the model of complete mediation over 
the model of partial mediation (Schwarz, 1978). Additionally, none of the unrestricted paths in the 
model of partial mediation had a significant effect on QI implementation. 
Although additional improvements in fit may be possible, we chose not to make any further 
revisions as they would not be based on theory or a priori expectations. Additionally, the fit indices for 
the model of complete mediation indicated “acceptable” model fit and did not suggest any major 
model misspecifications. Based on these measures of fit, we present results from the model of 
complete mediation (Figure 5). 
SEM Results 
We found strong support for hypothesis 1. Learning behavior had a significant positive effect 
on QI implementation (β = 0.22, p = 0.02) (Table 16). Additionally, in the model of partial mediation, 
learning behavior was the only factor with a significant direct effect (p = 0.054) on QI implementation. 
Psychological safety had a significant direct effect on learning behavior (β = 0.78, p<0.001) and a 
significant indirect effect on QI implementation through learning behavior (β = 0.171, p = 0.001) 
(Table 17). Furthermore, in the model of partial mediation, psychological safety did not have a 
significant direct effect on QI implementation, but the indirect effects remained significant. We found 
weaker support for hypothesis 2. Although team leadership had a strong positive direct effect on 
psychological safety and psychological safety had a strong positive direct effect on learning behavior, 
the indirect effect of team leadership on psychological safety was only significant at α = 0.10. These 
individual paths were still significant at α = 0.05 in the model of partial mediation, but the direct path 
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from team leadership to learning behavior was also positive and significant at α = 0.10. The results do 
not support hypothesis 3. Perceived support did not have a significant effect on psychological safety. 
Additionally, perceived support was not significantly related to any factor in the model other than team 
leadership. 
We controlled for hospital staff size, average respondent age, QI team size, rural location, 
and staff-to-bed ratio. As expected, these contextual factors had stronger effects on the antecedent 
conditions, team leadership and perceived support. However, average respondent age and staff-to-
bed ratio both had significant effects on QI implementation. Average respondent age was negatively 
associated with QI implementation (β = −0.144, p = 0.040) and staff-to-bed ratio had a strong positive 
association with QI implementation (β = 0.174, p = 0.008). Although the majority of the effect was 
direct, staff-to-bed ratio also had a small, but significant, positive indirect effect on QI implementation.  
Overall, the model of complete mediation shown in Figure 5 explained 14.1% of the variance 
in QI implementation. The model of partial mediation explained slightly more of the variance in QI 
implementation at 16.4%. Without the team-level factors, the control variables explained 10.4% of the 
variance in QI implementation. Finally, without the control variables, the team-level factors explained 
7.4% of the variance in QI implementation.  
DISCUSSION 
This study analyzed factors associated with the implementation of QI methods by hospital-
based teams working to reduce under-5 mortality in Ghana. The results confirmed our main 
hypothesis, showing that learning behavior mediates a positive relationship between psychological 
safety and QI implementation in newly developed QI teams working in low-income countries. The 
results also supported hypothesis 2. We conclude that psychological safety mediates the effect of 
team leadership on learning behavior, but that team leadership may also have a direct effect on 
learning behavior or indirect effects not explained in our model. In terms of their effect on 
psychological safety, team leadership appears to be a more important antecedent condition than 
perceived support. However, perceived support may influence learning behavior through other factors 
not included in this analysis, such as team efficacy (Edmondson, 1999). The absence of paths 
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through team efficacy could account for some of the variance in QI implementation that was not 
explained by the models we tested. 
Although the role of psychological safety and learning behavior have been explored in 
healthcare (Hirak et al., 2012; Tucker et al., 2007), this is the first study that we know of to use SEM 
for the analysis. As such, we have controlled for the effect of measurement error and estimated paths 
between factors simultaneously. This allowed us to estimate the magnitude and significance of 
indirect effects and to test the overall fit of the model. The more parsimonious model of complete 
mediation provided acceptable model fit and was favored over the model of partial mediation. 
Essentially, this indicates that the observed data reasonably matched the hypothesized structural 
relationships. Furthermore, compared to the model of complete mediation, the model of partial 
mediation only resulted in a small increase in the percentage of the variance of QI implementation 
explained. Collectively, this provides strong overall support for Edmondson’s model in a way that has 
not yet been demonstrated in empirical work. 
As mentioned previously, there are no widely accepted instruments for evaluating the 
implementation of QI methods (Groene et al., 2013). This study demonstrates one possible approach 
that builds on prior work (Edmondson, 1999; Lemieux‐Charles et al., 2002). A CFA of the items used 
for QI implementation produced good fit (Table 12) and the factor had good psychometric properties. 
The latent variable also fit the expected relationships from the model of work-team learning, 
suggesting that our items do reflect the desired construct. Still, work is needed to develop a 
standardized measure of QI implementation. 
To our knowledge, this is the first quantitative study to explore team-level predictors of QI 
implementation among newly formed teams in lower-income countries. This is also the first study to 
link Edmondson’s measures of psychological safety and learning behavior to implementation 
outcomes in QI [note: Tucker et al. (2007) used perceived implementation success as the outcome of 
interest, but their measure referred to the degree to which changes from QI projects were perceived 
as improving care]. This is a key distinction as implementation effectiveness is a key determinant of 
innovation effectiveness (Klein & Sorra, 1996). The mixed results from evaluations of large-scale QI 
interventions may be explained by differences in the degree to which QI methods are implemented 
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(Taylor et al., 2014; Bryan J Weiner et al., 2006). Understanding how well teams implement QI could 
help facilitators, coaches, and others determine the most effective interventions to support local QI 
teams. This study suggests that team leadership, psychological safety, and learning behavior are 
potential leverage points that could be targeted when teams exhibit low implementation effectiveness. 
However, failure to produce improvements could arise from poor implementation effectiveness or 
from other factors. Interventions to improve psychological safety may have no effect on teams that 
already exhibit high implementation effectiveness. Rather, these teams may experience barriers 
beyond the control of the team. For example, these teams might produce useful information, but 
facility managers could discourage change or otherwise impede progress. 
Although this analysis focuses on measures of psychological safety (and other factors) 
reported approximately 16 months after team development, an earlier version of the QI team 
questionnaire was distributed approximately 2 to 4 months after teams were formed. A CFA of 
psychological safety from the earlier survey revealed poor model fit, which could indicate that team 
members have a poor understanding of team psychological safety in the early stage of team 
development. This suggests that psychological safety is an emergent team state (Mathieu et al., 
2008); suggesting it may take time for team members to develop shared appraisals of the team 
(Farrell, Schmitt, & Heinemann, 2001). We recommend future work to evaluate how and when 
members on newly formed teams develop a shared understanding of psychological safety. Also, 
research should assess how psychological safety changes after initial appraisals have been made. 
For example, if perceptions of psychological safety are resistant to change, there may be a critical 
period early in the development of new teams where team leaders should emphasize and promote 
psychological safety. 
Psychological safety may also play a role in determining the sustainability of teams, a key 
interest for those implementing large-scale QI interventions, like PFA. Like the emergent team states 
literature, team performance is no longer envisioned as a linear function; rather, team performance is 
part of a cyclical causal feedback loop where past performance becomes an input that determines 
future performance (Ilgen, Hollenbeck, Johnson, & Jundt, 2005). Likewise, PFA project officers have 
suggested that some QI teams are held back because they have never experienced success. As a 
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result, low initial appraisals of psychological safety immediately after team formation may limit current 
implementation effectiveness as well as future effectiveness and overall sustainability of efforts (Bell 
& Marentette, 2011). Work suggests that positive ratings on related factors, such as conflict resolution 
and team cohesion, in early stages of team development are associated with perceived team viability 
(Tekleab, Quigley, & Tesluk, 2009). 
Limitations 
Although this study makes several important contributions to the literature on teams, QI, and 
global health, this paper also has several limitations. 
First, because the team-level factors were all derived from the QI team questionnaire, some 
of the relationships analyzed in this study are subject to common method bias. However, our key 
outcome of interest, QI implementation, was rated by PFA project officers, observers external to the 
team. Additionally, three of five items for psychological safety were negatively-worded. Although 
researchers now recommend against the use of negatively-worded questions due to reductions in 
factor reliability, it may reduce the risk of bias from response sets (Roszkowski & Soven, 2010). 
Second, this is an observational study using survey data. Although SEM removes 
measurement error, the results are only valid to the degree that the latent factors that are measured 
actually capture the concepts of interest. However, our measures were all based on existing work and 
CFAs demonstrated reasonable or good fit. As an observational study, we are unable to claim 
causation. 
Third, although 490 individuals from 122 may seem like a large sample for an observational 
study, aggregating the data to the team level resulted in a sample size that would be considered 
small for SEM, reducing our power and ability to detect model misspecifications. However, our model 
was locally and globally identified and our final sample exceeded the number of free parameters. 
Additionally, the estimates did not vary significantly across similar models, suggesting that the results 
are reliable. Given the potential power issues, we also estimated our model at the individual level of 
analysis. We expected the individual level of analysis to produce similar results because all of the 
items from the QI team questionnaire referenced the team and Rwg(J) and ICC1 values demonstrated 
substantial agreement at the group level. Additionally, composition factors like team beliefs are 
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thought to operate isomorphically at the individual or group level (Dyer et al., 2005). The results from 
the individual-level analysis had smaller effect sizes, but the conclusions were virtually identical and 
model fit was also good. 
Fourth, a multilevel model would be the best approach for this analysis, but we experienced 
issues with model convergence. To some degree, these issues seemed to stem from high 
multicollinearity, particularly between psychological safety and learning behavior. Estimating the 
model at the group level helped resolve the model convergence issues, but we were also forced to 
drop items from both psychological safety and learning behavior to produce reliable estimates. We 
dropped the positively-worded item from psychological safety with the lowest factor, which helped the 
factor to reflect the negatively-worded items to a greater degree. We removed two items for learning 
behavior. In addition to removing these items, we also removed items from team leadership and 
perceived support, as well as some other insignificant control variables. The decision to remove these 
items was made to reduce the number of free parameters to a number lower than our total sample 
size. 
CONCLUSION 
This study makes several strong contributions to the literature. We find support for the model 
of work-team learning as a predictor of QI implementation effectiveness in lower-income countries, a 
non-traditional setting for organizational research. These findings suggest that other countries 
implementing similar QI interventions should emphasize the importance of psychological safety for QI 
teams. This and other studies indicate that leaders play a critical role in establishing a psychologically 
safe environment that supports effective teamwork and learning behavior. We recommend future 
research endeavors that expand on this work by exploring how and when teams develop a shared 
understanding of psychological safety, assessing the impact of early perceptions of psychological 
safety on sustainability of efforts, and establishing a standardized instrument to evaluate QI 
implementation. 
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TABLES AND FIGURES 
Figure 4. Mediation Model of Work-Team Learning, as Tested 
 
Note: Adapted from Edmondson’s model of work-team learning (1999). 
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Table 11. Overview of Variables and Measures for Aim 3 
Model 
Construct Variable Measure 
Measure 
Type Data Source 
Control Variables 
Staff-to-bed 
ratio 
Total number of hospital staff divided by total 
number of hospital beds Continuous 
Administrative 
Dataset 
Rural Indicator of whether a hospital is rural or other (e.g., urban or peri-urban) 
Binary: 
0 = N; 1 = Y 
Administrative 
Dataset 
QI team size Average response to “Estimate the number of people who are on your QI team” Continuous 
QI Team 
Questionnaire 
Average age Average response to “Age (years)” Continuous QI Team Questionnaire 
Hospital staff 
size Total number of staff that work at the hospital Continuous 
Administrative 
Dataset 
Predictors  
Latent Variable: 
Perceived 
Support 
Support-1 
It is easy for my team to obtain expert assistance 
when something comes up that we don’t know 
how to handle. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Support-2 My team has the financial resources it needs carry out QI activities. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Support-3 Leaders at my facility strongly support the work of my team. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Support-4 Leaders at my facility have made QI a high priority. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Latent Variable: 
Team Leadership 
Lead-1 There is a person on my team who initiates meetings to discuss the team’s progress.   
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Lead-2 There is a person on my team who is available for consultation on problems.   
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Lead-3 
There is a person on my team who provides 
feedback on team member performance, 
identifying strengths and weaknesses.  
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Latent Variable: 
Psychological 
Safety 
Safety-1 
All members of the team are encouraged to 
speak up and ask questions, regardless of their 
position in the organization. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Safety-2 We appreciate and build upon our individual differences. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Safety-3 It is DIFFICULT to ask other members of my team for help. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Safety-4 People on this team sometimes REJECT OTHERS for being different. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Safety-5 If you make a mistake on my team, it is often HELD AGAINST YOU. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Latent Variable: 
Learning 
Behavior 
Learn-1 My team openly discusses mistakes so that we can learn from them. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Learn-2 We regularly take time to learn ways to improve how we do our work. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Learn-3 My team always takes time to stop and reflect on our work. 
Aggregate 
(7-pt. Likert) 
QI Team 
Questionnaire 
Team Effectiveness  
Latent Variable: 
QI 
Implementation 
Perform-1 This team meets or exceeds the expectations of Project Fives Alive. 7-pt. Likert 
Project Officer 
Survey 
Perform-2 This team does superb work. 7-pt. Likert Project Officer Survey 
Perform-3 This team keeps getting better and better. 7-pt. Likert Project Officer Survey 
QI Practice-1 The team evaluates reasons for variation in how work is carried out. 7-pt. Likert 
Project Officer 
Survey 
QI Practice-2 The team has made an actual change in the way some aspect of work gets done. 7-pt. Likert 
Project Officer 
Survey 
QI Practice-3 The team meets frequently to work on quality improvement. 7-pt. Likert 
Project Officer 
Survey 
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Table 12. Fit Statistics for Confirmatory Factor Analyses and Structural Models 
Model Description 
Number of: 
DF χ
2 
(p-value)* 
RMSEA 
(Pr ≤ 0.05) CFI BICs**
 Observations 
(Teams) 
Latent 
Variables 
Observed 
Variables 
Free 
Parameters 
CFA: 
LEAD with SUPPORT 127 2 7 23 12 
17.0 
(0.149) 
0.057 
(0.376) 0.983 −41.1 
CFA: 
SAFETY with LEARN 127 2 8 26 18 
42.8 
(0.001) 
0.104 
(0.016) 0.919 −44.4 
CFA: 
QI Implementation 122 1 6 19 8 
5.7 
(0.677) 
0.000 
(0.828) 1.000 −32.7 
Structural Model: 
Complete Mediation^ 122 5 26 113 264 
403.7 
(<0.001) 
0.066 
(0.025) 0.920 −864.6 
Structural Model: 
Complete Mediation^^ 122 5 26 116 261 
371.7 
(<0.001) 
0.059 
(0.142) 0.936 −882.1 
Structural Model: Partial 
Mediation^^ 122 5 26 121 256 
360.8 
(<0.001) 
0.058 
(0.175) 0.940 −869.0 
Notes: χ2 is more likely to reject fit with larger N and more variables. 
RMSEA is more likely to reject fit with smaller N and lower DF. 
BICs < 0 indicates good model fit. When comparing similar models, the more negative BIC indicates better fit. 
* Scaled χ2 (Satorra, 2000) 
** Schwarz BIC (Schwarz, 1978) 
^ Model includes no correlated errors. 
^^ Model includes three correlated errors based on a priori expectations. 
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Table 13. Interrater Agreement (Rwg(J)), Average Intraclass Correlation (ICC1), and ω 
Reliability for Latent Variables 
Latent Variable Rwg(J) (Distribution) Average ICC1 ω Reliability 
Perceived Support 0.605 (slightly skewed) 0.354 0.792 
Team Leadership 0.587 (moderately skewed) 0.213 0.866 
Psychological Safety 0.745 (heavily skewed) 0.153 0.748 
Learning Behavior 0.718 (moderately skewed) 0.149 0.830 
QI Implementation n/a n/a 0.912 
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Table 14. Team-Level Descriptive Statistics 
Model Construct Variable Mean (SD) Minimum Maximum Observations 
Control Variables 
Hospital staff size 252.3 (177.2) 43 1,100 113 
Average age 34.13 (4.86) 26.75 48.33 121 
QI team size* 9.10 (3.47) 4.00 24.40 121 
Rural hospital 23.7% n/a n/a 122 
Staff-to-bed ratio 3.16 (2.69) 0.54 21.95 110 
Perceived Support 
Support-1 5.29 (1.01) 2.0 7.0 122 
Support-2 3.50 (1.40) 1.0 6.3 122 
Support-3 5.01 (1.29) 1.3 7.0 122 
Support-4 4.83 (1.29) 1.7 7.0 122 
Team Leadership 
Lead-1 5.83 (0.78) 3.5 7.0 122 
Lead-2 5.66 (0.92) 1.7 7.0 122 
Lead-3 5.10 (1.05) 1.7 7.0 122 
Psychological Safety 
Safety-1 6.26 (0.53) 4.3 7.0 122 
Safety-2 6.10 (0.46) 4.3 7.0 122 
Safety-3^ 6.25 (0.63) 3.7 7.0 122 
Safety-4^ 6.35 (0.57) 4.0 7.0 122 
Safety-5^ 6.44 (0.51) 4.0 7.0 122 
Learning Behavior 
Learn-1 5.96 (0.65) 3.5 7.0 122 
Learn-2 5.54 (0.73) 3.0 7.0 122 
Learn-3 5.37 (0.77) 2.8 7.0 122 
QI Implementation 
Perform-1 5.19 (1.03) 2.0 7.0 122 
Perform-2 5.54 (1.19) 1.0 7.0 122 
Perform-3 4.33 (1.42) 1.0 7.0 122 
QI Practice-1 4.48 (1.61) 1.0 7.0 122 
QI Practice-2 4.54 (1.46) 1.0 7.0 122 
QI Practice-3 4.63 (1.59) 1.0 7.0 122 
N = 122 teams 
*QI team size refers to the average of the reported number of people on each team. 
^Scores for negatively-worded items were reverse coded (e.g., 1 = 7).
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Figure 5. Standardized SEM Results for Aim 3 (Complete Mediation) 
 
Note: Paths and correlations for control variables were included in the model, but the estimates are not shown here (see Table 16). 
*Scores for negatively-worded items were reverse coded. 
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Table 15. Bivariate Correlations for Aim 3 
 Variable 1 2 3 4 5 6 7 8 9 10 
1 Perceived Support 1.000          
2 Team Leadership 0.415** 1.000         
3 Psychological Safety 0.438** 0.625** 1.000        
4 Learning Behavior 0.365** 0.538** 0.823** 1.000       
5 QI Implementation 0.090 0.172 0.222** 0.271** 1.000      
6 QI team size 0.088 0.298** 0.325** 0.301** 0.217** 1.000     
7 Hospital staff size −0.137** −0.018 −0.224* −0.203** 0.014 0.114** 1.000    
8 Rural hospital^ 0.127** 0.309** 0.208** 0.229** −0.007 −0.069 −0.309** 1.000   
9 Staff-to-bed ratio 0.091 0.185* 0.092 0.148** 0.220** 0.169 0.293** −0.147** 1.000  
10 Average age 0.072 −0.007 0.016 −0.012 −0.134* −0.051 0.135** −0.106** 0.081 1.000 
Note: Variables 1-5 are latent variables. 
^ Indicates to binary variables 
* Indicates significance at p < 0.10 
** Indicates significance at p < 0.05 
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Figure 6. Standardized SEM Results for Aim 3 (Partial Mediation) 
 
Note: Paths and correlations for control variables were included in the model, but the estimates are not shown here (see Table 16). 
*Scores for negatively-worded items were reverse coded. 
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Table 16. Standardized SEM Results for Aim 3 
 Partial Mediation Complete Mediation 
Factor Standardized 
Estimates Standard Error 
Standardized 
Estimates Standard Error 
QI Implementation     
on Learning Behavior 0.284* 0.147 0.220** 0.097 
on Psychological Safety −0.113 0.138   
on Team Leadership −0.064 0.073   
on Perceived Support −0.156 0.149   
on Hospital staff size 0.016 0.183 0.003 0.069 
on Average age −0.150* 0.079 −0.144** 0.070 
on QI team size 0.134 0.109 0.111 0.108 
on Rural hospital^ −0.029 0.183 −0.039 0.181 
on Staff-to-bed ratio 0.163* 0.083 0.174*** 0.065 
Learning Behavior      
on Psychological Safety 0.530** 0.233 0.779*** 0.184 
on Team Leadership 0.313* 0.170   
on Perceived Support 0.000 0.070   
on Hospital staff size −0.115 0.118 −0.035 0.111 
on Average age −0.013 0.066 −0.018 0.065 
on QI team size 0.040 0.131 0.040 0.148 
on Rural hospital^ 0.010 0.074 0.070 0.109 
on Staff-to-bed ratio 0.083 0.063 0.092 0.126 
Psychological Safety     
on Team Leadership 0.386 0.175 0.492*** 0.167 
on Perceived Support 0.201 0.142 0.184 0.152 
on Hospital staff size −0.198 0.176 −0.227 0.142 
on Average age 0.046 0.059 0.044 0.075 
on QI team size 0.201*** 0.038 0.187*** 0.045 
on Rural hospital^ 0.003 0.093 −0.018 0.087 
on Staff-to-bed ratio −0.002 0.143 0.013 0.152 
Team Leadership      
with Perceived Support 0.414*** 0.089 0.415*** 0.081 
with Hospital staff size −0.020 0.083 −0.018 0.083 
with Average age −0.005 0.077 −0.007 0.077 
with QI team size 0.301*** 0.086 0.298*** 0.086 
with Rural hospital^ 0.311*** 0.035 0.309*** 0.036 
with Staff-to-bed ratio 0.186* 0.109 0.185* 0.108 
Perceived Support     
with Hospital staff size −0.141** 0.060  −0.137** 0.059 
with Average age 0.072 0.118  0.072 0.118 
with QI team size 0.086 0.148  0.088 0.147 
with Rural hospital^ 0.125*** 0.028  0.127*** 0.031 
with Staff-to-bed ratio 0.087 0.058  0.091 0.058 
N = 122; fit statistics shown in Table 12. 
^ Compared to urban hospitals 
*Statistically significant at p<0.10 
**Statistically significant at p<0.05 
***Statistically significant at p<0.01 
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Table 17. Standardized Total, Direct, and Indirect Effects from the Model of Complete 
Mediation for Aim 3 
Variable Total Effect Direct Effect Indirect Effect 
Effect on QI Implementation 
Learning Behavior 0.220** 0.220** n/a 
Psychological Safety 0.171*** n/a 0.171*** 
Team Leadership 0.084** n/a 0.084** 
Perceived Support 0.032 n/a 0.032 
Effect on Learning Behavior 
Team Leadership 0.384* n/a 0.384* 
Perceived Support 0.143 n/a 0.143 
Notes: Bootstrapping is not possible with multilevel data (teams clustered in regions), so standard errors were calculated using 
the delta method (Muthén & Muthén, 2012). 
Total Effect is the sum of indirect and direct effects. 
Indirect effects are products of standardized regression coefficients along the paths shown in Figure 5. For example, the 
indirect effect of psychological safety is 0.789*0.22=0.171. 
*Statistically Significant at p<0.10 
**Statistically Significant at p<0.05 
***Statistically Significant at p<0.01 
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CHAPTER 5: SUMMARY OF FINDINGS AND IMPLICATIONS FOR PRACTICE AND RESEARCH 
SUMMARY OF FINDINGS 
PFA was a national, multi-year project in Ghana designed to reduce mortality in children 
under 5 years of age by developing and training local QI teams in the use of QI methods to support 
the dissemination of low-cost, high-impact, evidence-based (Twum-Danso et al., 2012). The objective 
of this dissertation was to evaluate team-level factors associated with the implementation of QI 
methods by QI teams in Ghana. Overall, there were several key findings across all aims. First, Aim 1 
demonstrated the ability to use surveys to evaluate team-level factors in non-traditional research 
settings, in particular, lower-income countries with significant cultural and contextual differences 
compared to the high-income countries where most existing scales in the team literature have been 
validated. The use of these scales in Aim 2 and Aim 3 further demonstrates the utility of these survey 
instruments for evaluating teams in these settings. 
Second, Aim 2 evaluated the effect of contextual factors (slack resources) on antecedent 
conditions considered necessary for effective teamwork, specifically, perceived support for teamwork 
and coaching-oriented team leadership. The results show that support for teamwork and team 
leadership are both positively related to staff-to-bed ratio, the primary measure of slack resources 
(β = 0.26; p = 0.041; and team leadership β = 0.19; p = 0.052, respectively). However, the results also 
suggest that slack may be a multidimensional factor, as only team leadership was associated with 
two other potential measures of slack, working in a rural hospital and QI team size (β = 0.86; 
p < 0.001 and β = 0.29; p < 0.001, respectively). Furthermore, Aim 3 shows that staff-to-bed ratio has 
a significant positive direct effect (β = 0.174, p = 0.008) and indirect effect (β = 0.022, p = 0.047) on 
QI implementation. This is the first known study to link QI implementation to slack resources. 
Third, Aim 3 confirmed the overall hypothesis that the model of work-team learning explains 
the relationships between perceived support for teamwork, coaching-oriented team leadership, team 
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psychological safety, team learning behavior, and QI implementation. Moreover, the model of work-
team learning explained 14.1% of the variance in QI implementation. Specifically, the results for Aim 
3 show that team psychological safety mediates a positive relationship between coaching-oriented 
team leadership and team learning behavior and that team learning behavior mediates a positive 
relationship between team psychological safety and QI implementation. The results extend the model 
of work-team learning to a new context, confirming the importance of team psychological safety and 
team learning behavior for QI teams working in lower-income countries. 
RESEARCH AND THEORY IMPLICATIONS 
The findings from this dissertation have important implications for research. In particular, this 
dissertation addresses the call to use theory to explore team-level determinants of QI implementation 
(Brennan et al., 2013; Hulscher et al., 2013). Aim 1 is novel and significant because it demonstrates 
the ability to use traditional research methods in non-traditional research settings for studies of 
organizational behavior (Kringos et al., 2015). Additionally, as discussed in Chapter 2, an early 
evaluation of team psychological safety from approximately 2 to 4 months after teams were 
developed revealed poor model fit. However, data from 16 to 18 months after teams were developed 
revealed excellent model fit and significantly higher factor loadings and reliabilities. This suggests that 
team psychological safety may present as an emergent team state. This is critical since no known 
research focuses on how team members make assessments of team psychological safety. 
Furthermore, because early performance becomes an input that shapes the future performance of the 
team, low initial appraisals of psychological safety may limit future team effectiveness and 
sustainability (Bell & Marentette, 2011; Ilgen et al., 2005). 
This dissertation also extends the model of work-team learning in several ways. First, others 
have explored the impact of psychological safety and learning behavior on improvements in care 
processes, but this is the first study to extend the model of work-team learning to measures of 
implementation in QI (Tucker et al., 2007). This is also the first study to demonstrate the applicability 
of the model of work-team learning to newly formed teams in lower-income countries. The results add 
to an existing body of work that increasingly shows that team psychological safety may be a 
88 
universally necessary component for effective teamwork. Finally, this research also extends the 
model of work-team learning to the availability of slack resources. The results from Aim 2 show that 
slack resources are positively correlated with key distal predictors in the model of work-team learning. 
The direct effect of slack resources on team effectiveness may be explained team efficacy, a key 
factor not included in this study. 
PRACTICE IMPLICATIONS 
In addition to building on existing research and extending theory, the results of this 
dissertation also have many practical applications. First, the results of these studies refer to real-
world situations where teams were working to reduce the mortality of children under 5 years of age. 
The findings may identify leverage points that can be used to support teams working in settings like 
Ghana. Additionally, PFA was implemented with the intention to establish a model for other countries. 
The results from this dissertation highlight key team factors that are associated with the 
implementation of QI methods. The results show that the model of work-team learning explains a 
non-trivial 14.1% of the variance in QI implementation. The impact could be even greater as this 
analysis did not include team efficacy, a key mediator in the model. Furthermore, if psychological 
safety has an effect on team viability, as proposed, then there are even greater potential gains from 
working to establish a psychologically safe environment immediately after teams are formed. 
The results of this dissertation also validate comments from qualitative work and from 
observations in the field. In particular, project officers and others associated with PFA have 
commented that support for teamwork and effective leadership are two key factors that determine the 
effectiveness of work teams. This dissertation supports these claims and the results present a 
plausible explanation for how these factors influence team effectiveness. 
Finally, the results of this dissertation highlight the importance of early evaluations of these 
and other team-level factors. Preliminary evaluations should assess contextual factors, such as the 
availability of slack resources. Where slack is low, team development and training efforts should 
focus on strategies to overcome the scarcity of slack. On the other hand, project officers and those 
supporting QI teams should remain in frequent communication with QI teams and individual team 
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members to monitor psychological safety and other characteristics that could limit team effectiveness. 
In addition to direct communication, the survey tools used in this dissertation may help project staff 
evaluate the safety climate and other features of QI teams. 
LIMITATIONS 
There were several limitations associated with the studies described in this dissertation. First, 
these studies were based on observational data without randomization. As a result, it is not possible 
to conclude causation. Additionally, the results may be biased due to unobserved confounders. 
However, the studies were based on well-established theories from the team literature, giving 
strength to the findings. Second, the analyses were based on survey data that may include 
measurement error. Although SEM removes measurement error and eliminates any related bias, the 
results are only valid to the degree that the latent factors measured actually capture the concepts of 
interest. Likewise, although the measures of slack resources described in Chapter 3 are objective 
measures, they may be measured with error, biasing the results. For example, a hospital with a large 
number of unused hospital beds may have a low staff-to-bed ratio that does not accurately reflect the 
degree of slack available to the QI team. Third, the key outcome measure of interest in Chapter 4, QI 
implementation is also measured using survey data, not objective measures of QI implementation. 
However, ratings of QI implementation were provided by project officers who worked closely with the 
QI teams and were well positioned to evaluate the work of the teams. Fourth, although a multilevel 
approach would have been preferred, issues with model convergence resulted in Aims 2 and 3 being 
analyzed using aggregated data. Thus, effective sample size was reduced from more than 500 
individual responses from the QI team questionnaires to a sample of 112 to 127 teams across the 
three studies. However, the results described in Chapter 2 demonstrated that the factors analyzed in 
Chapters 3 and 4 are likely composition factors, where the relationships hold isomorphically at the 
team and individual level. This limits any bias caused by aggregating data. Finally, although team 
efficacy is included as a key factor in the model of work-team learning, team efficacy was not included 
in Aim 3 due to low reliability. As a result, Aim 3 did not include pathways through team efficacy. 
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FUTURE DIRECTIONS 
This dissertation provides a foundation for several future studies. Because of the limitations 
surrounding team efficacy, future work should focus on developing an effective measurement tool for 
this factor and evaluating related pathways. In particular, slack resources may operate through team 
efficacy. Additionally, although Edmondson suggests that psychological safety is the more interesting 
factor in the model of work-team learning, there may be an interaction between team efficacy and 
psychological safety, where the impact of either factor is greater when both are high (Edmondson & 
Lei, 2014). 
Although this dissertation is the first known study to link slack resources to antecedent 
conditions for effective teamwork and the implementation of QI methods, there remains a need to 
develop better measures of slack (Mallidou et al., 2011). Aim 2 demonstrates the utility of measures 
like staff-to-bed ratio, but they likely include measurement error. Additionally, Chapter 3 proposes that 
slack is a multidimensional construct that may have different effects depending on the type and 
source of slack. Specifically, slack is a function of supply and demand, where increases in supply or 
decreases in demand increase the availability of slack resources. Furthermore, the type of slack 
(human resources, time, money, physical resources, etc.) also likely determines how slack affects 
teams. 
Lastly, research should explore the process through which team members make appraisals 
of psychological safety to determine how and when understandings of team psychological safety are 
established. Furthermore, efforts should extend the model of work-team learning to explore the effect 
of team psychological safety and team learning behavior on the viability and sustainability of newly 
formed QI teams. An alternative approach using longitudinal analysis is recommended to avoid 
limitations associated with the methods used in this dissertation and better demonstrate causality. 
CONCLUSION 
The goal of this dissertation was to add to the understanding of factors related to the 
effectiveness of QI teams in lower-income countries and to support efforts to spread the use of QI 
methods to these settings. This was accomplished through three aims that used the model of work-
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team learning to explain variation in the implementation of QI methods in Ghana. The first aim 
demonstrated that, although some adaptations are necessary, survey tools developed in high-income 
countries to evaluate factors associated with team effectiveness can be used with QI teams in Ghana. 
The second aim showed that components of team- and organizational-context (slack resources) have 
a positive effect on perceived support for teamwork and coaching-oriented team leadership. Finally, 
the third aim showed that the relationships hypothesized in the model of work-team learning remain in 
the context of QI teams working in lower-income countries. Specifically, we found that 1) team 
psychological safety mediated a positive relationship between coaching-oriented team leadership and 
team learning behavior and 2) team learning behavior mediated a positive relationship between team 
psychological safety and the implementation of QI methods. Our findings have implications for both 
research and practice.  
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APPENDIX 1: QUALITY IMPROVEMENT TEAM QUESTIONNAIRE 
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APPENDIX 2: PROJECT OFFICER SURVEY 
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